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miniature magnetic clutches and brakes 
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tions mania even at remote locations. 
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AT VA N assures positive 
hold down of roll or ‘sheet paper up to 12%” 
width. Plot area, standard 10x15”. 














F YTING FEATURES: Multiple symbol 
printing head—12 symbols...self contained 
ink supply. 


Pen System—capillary action; splatter-proof. 
Point joiner available. 


engineered for ease of operation...new 


XY BISTTER | 


point plotting or continuous trace 





NTERCHANGEABLE MODULES add ver- 
satility .. vinhorchanae with basic control 
section. 









Slimmer, flatter, push-button fast... Librascope’s 
newest, most advanced plotter is the result of per- 
sonally-conducted field research by Librascope 
engineers. Compact design permits rack 
mounting in groups, saves desk space. 
Many new conveniences have been added 

to answer your needs. 


OPERATING INFORMATION 


INPUT SENSITIVITY: .5 millivolts per inch 
to 50 volts per inch with calibrated push 
button scales at ~ .1, 5, 10 and 50 milli- 


POWER: 115-volt, 60 cycle volts per inch arid. 1, .5, 1, 5 and 10 volts per 


—180 watts 





INPUT: X and Y inputs 





from ground. 

INPUT RESISTANCE: 
2 megohms nominal on 
most scales. 1 megohm per 
volt on .5 millivolts per inch 
to .1 volts per inch scales. 


isolated from each other and 





inch. «slide permit continuous sen- 
sitivity adjustment between fixed scales, per- 
mitting full scale plotting for any sensitivity. 

ACCURACY: Static .1%, dynamic .2% at 10” 
per second. 

PLOTTER CALIBRATION ACCURACY: 
.05% on all scales. 

SLEWING SPEED: 20” per second. 








For full details — dimensions, applications, list of accessory equipment, call our Sales snail 
Engineering Department or send for illustrated brochure on Model 210, XY Plotter. ELECT! 
search, 

For information on career opportunities at Librascope, write Glen Seltzer, Employment Manager. Mi 
us the f 

title, yo 

. ent, th 

LIBRASCOPE division GENERAL PRECISION, INC. + SOS Western Ave., Glendale, California dovdiens 
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Snap-lock action of Burndy coax HYFEN 

connectors recommends them for 

many applications. Contacts may be installed 
on cable wherever convenient and then Ass’t. to 

Snapped in or out as required. 

These connectors are now 

in use in critical circuits 


ME7X eoee é bee CONNECT QUICKLY 
.». Rack-and-panel Coax es ‘ , : ...high speed tooling for 
HYFEN with one-piece ee SS : pat volume production results 
die-cast shell and one- — i Mo ee 2° b ge ean tie 4 in low installed costs. 
plece block. Mates with Ee ee Se, : —ee 
existing solder types. ee i Re et oe ieee CONNECT EASILY 
é ik i ii au oad wise ee +» snap-lock action and 
simple design with few pee 
COAX MODULOK ee : parts make installation 
..-Modular terminal . ; Fay —— easy -tool crimps CLEVEL 
block. Modules snap * rf te bn Aft ee contacts in any 
together or apart and a 4). Shs. Z circumferential position. 
are mounted on cadmium- > © sea. *? Clevelan 
plated steel track. - = 220 CONNECT RELIABLY Cherry 
oe mel = +..tool-controlled crimp 
provides strain relief 
for conductors, 6535 Wil 
guarantees a uniform 
indent for measurable 
quality control. There is 
no heat to damage 
insulation. 


FOR OTHER REQUIREMENTS OR APPLICATIONS, CONTACT OMATON DIVISION 


Norwalk, Connect. In Europe: Antwerp, Belgium Toronto, Canada 
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DECISION MAKER 


for simplified monitoring, 
controlling, high-precision switching 


Normal/abnormal . . . high/low . . . go/no-go: these are 
important decisions being made by A.P.I. Very High Sensitivity 
Measuring Relays. 

Direct from sensory elements or circuits, the A.P.I. measuring 
relay makes a decisive “yes or no” decision on the basis of very 
close-tolerance voltage or current changes. In typical, critical 
applications, this measuring relay is saying “yes or no” on a change 
of +1 microamp; or in a 400- to 500-volt circuit, on a variation 
of only a few percent. 

Moreover, the relay is capable of actuating on very tiny cur- 
rents: for example, total inputs as small as 0.2 microampere or 
0.1 DC millivolt. It does so without signal amplification, amplifier 
costs or the signal distortion problems that often go along. 

Performance stability is inherent; reliability is exceptional due 
to the A.P.I. locking-coil design. On “make”, contact is firm with 
substantial contact pressure; contact resistance is low. On “break”, 
separation is clean and quick without contact teasing. 

10,000,000 perfect operations is not an all-time record; it’s a 
reasonable expectation of service life. 

Widely used for precision switching in computer, control and 
alarm circuits, WHS measuring relays are practically unlimited in 
scope of application. 


For more information, send for Bulletin 104-D. 
apa ASSEMBLY PRODUCTS, INC. 
Re Chesterland 79, Ohio 
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Howard offers a complete line of lo 
cost fractional H.P. motor parts set 


Ratings from 1/200 to 1 H.P.—Keep costs quality. Our large selection of standard models and 































down—check with us if you have an application new semi-automated production facilities let us 

using individual fractional H.P. motor parts. offer lowest prices in the field. Shown here are just © 

Howard stock sets fit thousands of varied require- a few of the parts sets in the Howard line. Fill out | $ 
ments . . . include armatures and fields, brushes the convenient data sheet for further details and | 

and brushholders, rotors, stators and fans . . . power prices on the parts sets that meet your needs! ‘ 

your products and appliances with proven superior F Whatev. 


» rotating 
' versatile 
resolve t 
your req 
or the _ 
ARMATURES COMMUTATORS ALL MODELS: to lend a 


Parts |No.of | Outside | Inside | Core Sizes (™ No.of | ; SHAFTS: type of 
Set No. | Slots | Diameter | Diameter | Available Bars | Insulation Hubs Shafts are ground from centers for concentricity. Special flats, worms,@ mental r¢ 
can be cut on shafts if required. C.R. Steel is normally used, however st) 








SPECIFICATIONS 























: | } } | | 
| ! i : ; > . . 
vA i 1.375 Fy } * i a = oor Toga — proof or various types of stainless steels can be furnished if desired. 
22 nylon steel 
ss 4 } i } } ’ | INSULATION: 
150 12 1.379 % ¥%,1, 24 paper, mica, | bakelite Armatures have a fiber end insulator at both ends of the steel lamjnati 
1%, 1% a or steel The inside of the slot is insulated with varnished cambric. The armatutt 
| wound with heavy formvar copper wire. 
} | | 
8 .960 | rh, 16 ape teel 
225 . Kb 1 og 88 LAMINATIONS: 
t + t Laminations are stamped in sets from 24 or 26 gauge improved el 
500 12 1.506 .359 %,1, 24 paper or steel sheet steel. They are riveted together under pressure in an expanding 
1%, mica The outside diameter of the field can be ground to customer's specifi 
i | | | ] | ] Field coils are wound with heavy formvar copper wire, taped with 
700 14 1.812 i ae 28 papas steel rayon tape, inserted in field core, then double dipped and baked in af 
| | ‘ | | sulating varnish. Field leads can be cut to desired length. 
900 13 1.600 % 1% 26 paper or steel : 
mica MISCELLANEOUS: 5 
2700 Brush holders and caps with correct brush assemblies can be supplied,of 
7 1.380 * ata fg — Hor well request. Special length cores can be made if required. Armatures can be 
statically or dynamically balanced or both, if required. t 
Hi 
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MECHATROL ROTATING COMPONENTS 


Whatever the particular application for precision 
rotating components, you can depend on Mechatrol’s 
versatile Engineering and Production experience to 
resolve the problem of supplying the right motor to meet 
your requirements, eithér‘during the initial design stage 
or the production phase. Mechatrol is always ready 
to lend assistance , whether the need be for a standard 
type of unit or one that meets the exacting environ- 
mental requirements for advance types of missiles, space 


We would be pleased to send you 
our motor catalog which provides 
complete technical data on 
saewes rotating components. 

lease submit requests on your 
company letterhead. 


Visit us at the IRE Show 
Booth No. 2812 


vehicles, undersea or airborne crafts. Mechatrol’s com- 
ponents are offered in a wide variety of frame sizes 
ranging in diameter from 1/2 inch to 2 inches. These 
include servo and synchronous types with or without 
integral gearheads, viscous and inertially damped 
servo motors, miniaturized damping tachometers and 
temperature compensated integrating tachometers. 
High performance components delivered on schedule to 
meet every requirement. 


MECHATROL 
N 6 


& Cote ¢C: O eae oO 


~@nm~ 


SER iSMS 
nc. 


1200 Prospect Avenue, Westbury, L. |., New York 
Mechatrol of California, 12500 Aviation Bivd., Hawthorne, California 
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BEAM FORMING AND 
LOCKING MAGNET \ 
(SPADE) 


CATHODE 
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CONSTANT CURRENT COLLECTOR 








(TARGET) 
SWITCHING GRID 


MAGNETIC SHIELD 
(ENVELOPE) 


Fig. 2. All 31 parts of the cage assem- 


bly are automatically assembled by 
means of a special vacuum fixture 
which securely imbeds each element in 
the two supporting mica wafers. The 
automatic nature of this operation as- 
sures the positioning of the elements to 
extremely close tolerances and is a big 
factor in the reliability and reproduci- 
bility of the device. 





Fig. 3 The Beam-X switch as a transistor decade counter. Module is designed for 
counting applications to frequencies of 110 KC and provides 10 electrical outputs 
for activating visual displays, printers, and for preset counting functions. System 
uses only 56 components. A comparable all transistor counter would require 146; 
thus, mu'ticomponent unreliability is greatly reduced. 


ELECTRONIC DECIMAL SWITC 


Small Rod Magnets Within A Vac 
uum Direct An Electron Beam jf, 
Any One Of 10 Positions. 


















Merely by varying the associated gj 
cuitry, designers can use a new switd 
called the Beam-X, to perform tk 
digital functions of counting, distrib 
ing, multiplexing, sampling, codin 
timing, gating, matrixing, dividing, ¢ 
coding and converting. The Beam} 
switch uses small rod magnets with 
a vacuum to control the position ¢ 
an electron beam to any one of t 
output positions. The result accordi 
to Burroughs Corporation’s Electroni 
Tube Division, is a decimal switch 
reduced in size, weight, cost, 
power as to outperform all existing 
vacuum, magnetic, and solid state de 
vices. 


BASIC CONSTRUCTION 


The Beam-X switch, though functional 
ly similar to its predecessor, the bea 
switching tube, is a completely ne 
device 10 times lighter (1% ozs.), i 
times smaller (3 cu. inches) and 
the price (less than $25.00 in sm 
quantities). Fig. 1 shows a crog 
section of the Beam-X switch. Ca 
assembly (Fig. 2) which is the heat 
of the switch, consists of 31 element 
At the center of the cage assembly i 
the oxide coated cathode which is t® 
electron source for the switch. Locate 
in symmetrical arrays around t 
cathode are: ten permanent rod mag 
nets (spades) which perform the fun 
tion of forming and locking the ele 
tronic beam to one of the ten out 
positions; ten output elements 
targets which collect the electron ct 
rent; and ten switching grids whié 
perform the function of switching ¢ 
electron beam from one position to ¢ 
next. Connecting wires are attache 
to the cage assembly and the enti 
unit is mounted on a glass stem wh¢ 
26 pins provide the electrical inp 
and output connections for the switd 
A glass envelope is placed over 
mount assembly, and the glass sea 
and air evacuation operations are pé 
formed. Compatibility of the swilt 
with transistor circuitry is shown 
Fig. 3. 





MAJOR ADVANTAGES 


The following considerations le 
Burroughs Corp. to claim that this né 
switch is “the most nearly perfe 
switching device”: it answers a maj 
problem of multi-component 

ability. As an example, the switt 
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' number of positions 


eliminates 90 transistors, diodes and 
resistors in a typical ten-position 
switching application. Each of its ten 
positions has (a) memory, (b) con- 
stant current output, and (c) positive 
switching elements to ensure stability 
of operation. It may remain stationary 
indefinitely or switch at speeds in ex- 
cess of ten megacycles. It is flexible 
and efficient with respect to B+ op- 
erating voltages. To meet specific cur- 
rent range requirements the device 
may be operated from wide ranges of 
B+ voltages as low as six volts driven 
directly by transistors, and constant 
current output voltages as high as 260 
yolts when used in vacuum tube cir- 
cuits. All of the B+ current is put to 
useful work either in locking the beam 
or as constant current output. Its 
switching characteristics appear to 
have unlimited versatility. It may be 
interconnected as a distributor of any 
less than or 
greater than ten; it may switch se- 
quentially or at random and may be 
preset to any position; and may be re- 
set from any position to any other posi- 
tion in less than one microsecond. 


BASIC FUNCTIONS AND APPLICATIONS 


The manner in which the Beam-X can 
be combined with other components to 
perform the basic functions of decade 
counting, multiposition distribution 
and data converting is illustrated in 
the block diagrams of Figs. 4, 5, and 
6. 


Here is a brief outline of some of 
the ways these functions can be ap- 
plied in several fields. 

Electronic instrumentation: The na- 
tural counting ability, low cost and the 
fact that the device alone performs 
the entire counting function as com- 
pared to the four vacuum tube or 
eight transistor circuits which it re- 
places, makes the Beam-X switch a 
basic component for frequency, period 
and occurrences measuring equipment. 
The switch can be used in digital volt- 
meters to count and display the deci- 
mal equivalent of the unknown voltage 
directly on electronic Nixie indicator 
tubes. Multiplexing instruments could 
display many waveforms on a single 
gun oscilloscope with the Beam-X 
switch’s outputs sampling and gating 
wave forms to the scope by use of 
time division multiplexing. Word gen- 
erators will use the switch’s ability to 
supply variable length pulse groups 
for test equipment applications and 
sampling instruments can employ its 
memory feature to store high speed 
information for recording on slower 
equipment. 

Aircraft, Missiles and Space Technolo- 
8y: Due to its inherent reliability, rug- 





































































































OUTPUTS 
VISUAL DISPLAY PRINTER PRESET COUNTER 
(NIXIE TUBES) 
0123456789 hp 561A A 
0123456789 a 
Hr | 
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Fig. 4 Decade counting: pulses which can represent photocell outputs, mechani- 
cal switch closures or some frequency are delivered to the switching grids of the 
first Beam-X switch. The tenth output of this switch is used to advance the suc- 
ceeding switch one position. Thus, wih two Beam-X switches, 99 counts can be 
accumulated and, with three, 999 and so on indefinitely. In addition to the cascade 
or “carry” output, current is available at each of the ten positions to activate visual 
readouts, show the progress of the count, activate a printer for recording informa- 
tion upon command, or to perform useful work at the end of a preset number 
of events. 
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Fig. 5 Maultiposition electron distribut:on: th's mode of operation is designed to 
utilize the individual outputs of the Beam-X switch to perform multiposition func- 
tions sequentially. Only nine positions of each switch are provided with the tenth 
output being used to transfer the electron beam from switch to switch. Driving 
pulses are delivered to a’] tubes in parallel so that synchronous operation is 
assured, Nine constant current outputs per switch can be used for multichannel 
commutating in gating, timing or sampling applications such as airborne telemetry. 
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COMPONENTS DESIGN 


gedness and ability to withstand ex- 
treme temperatures, the Beam-X switch 
will find wide application in aircraft and 
missiles. For flight line test and check 
out equipment, the switch can be used 
in tachometers and as a multiposition 
sequencing device. Its ability to 
sample at rates exceeding ten mega- 
cycles indicates its application to test 
stand sampling and recording of stress, 
temperatures and the like. The 
switches can be used as multiplexing 
commutators to sample data in flight. 
Since the device is compatible with 
low-voltage solid-state circuits, its ap- 
plication to present and future sys- 
tems is simplified. Some ground sup- 
port applications include: counting 
and display functions; a timing device 
to generate accurate signals for cali- 
bration; and a counter in angle encod- 
ing systems. 

Computers, Data Processing and Con- 
trol Systems: The Beam-X switch has 
unique properties of data conversion 
as was shown in Fig. 6. These fea- 
tures can be used to perform binary 
coded decimal to decimal conversion 
or the switch’s outputs can be used 
to generate step functions of voltage. 
As a binary decoder, it can provide a 
means of translating computer lan- 
guage to easily recognized decimal 
readouts. As a voltage generating and 
scanning device, it can address elec- 
trostatic storage tubes. Counting cap- 
abilities can digitize information in 
analog to digital converters. Low cost 
of the switch combined with its ten 
usable outputs will make it applicable 
in electronic control of industria] proc- 
esses. When used in a preset counting 
mode of operation, the device can 
automatically position rotary index 
tables and electronically sort and 
classify material for automatic inspec- 
tion. In data handling systems it can 
compare preset limits with actual con- 
ditions and activate printers and read- 
outs directly to establish the time “off- 
normal” conditions. Scanning and se- 
quencing properties of the device will 
lend themselves to activation of cross- 
bar switches or electronic multiplex- 
ing for process control application. 
Communications: Due to the switch’s 
high speed capabilities no information 
is lost and cross talk is eliminated in 
multiplexing many conversations over 
a single telephone pair. Because of its 
ability to perform both parallel to 
serial and serial to parallel conversion, 
the device can be used to both com- 
mutate and decommutate the informa- 
tion. Teletype messages can be en- 
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BINARY CODED INPUTS (PARALLEL ENTRY) 


Fig. 6 In data processing, there is a need to convert information rapidly from 
one form to another. The Beam-X switch can handle this job by accepting binary 
coded decimal instructions and producing either the decimal or analog equivalent 
as a usefu! output. This technique is used in air traffic control systems to display 
the decimal equivalent of a plane’s binary identification number. 


coded by the switches addressing the 
column and rows of a resistive matrix. 
Decoding can be accomplished by us- 
ing the switch in a sequencing mode 
of operation. Frequency synthesizers 
can employ Beam-X switches to di- 
vide a known frequency by a variable 
factor to generate controllable fre- 
quencies. 

Military Systems (Radar, Fire Control, 
etc.): In radar, the devices, as counters, 
can be used to generate accurate range 
markers. They can be used for elec- 
tronic antenna lobing where their 


ability to perform as a reversible scan) 
ner will apply. Ability to generate 
controllable output voltages indicate) 
the use of the device as the heart di 
servo controlled antenna positioning” 
systems. 

With a life expectancy of over 50; 
000 hours and with extremely ruggei 
construction to overcome severest et- 
vironmental conditions plus great ver! 
satility, the new Beam-X switch is 4 
unique tool in the hands of the design} 
engineer. f 
Circle No. 120 on Inquiry Card i 











Semiconductor Radiators 


A new series of semiconductor ra- 
diators can dissipate from 5 watts 
to 100 watts when used with forced 
convection. Models are available for 
use with rectifiers, zener diodes, and 
transistors. With forced convection 
applied to the R-5030, for examp‘e, 
a transistor nominally rated by its 
manufacturer at 10 watts may be 
conservatively operated at 30 watts. 
The R-5000 Series is available in 
copper or aluminum. A surface ma- 
chine flat to within 0.0002” is pro- 
vided for mounting the semiconduc- 
tors: transistors, rectifiers or zener 
diodes. Screw holes for mounting 
any semiconductor type can be pro- 
vided. Plastic shoulder washers are 
furnished for insulating the heat 
sink from its mounting. Curves of 
thermal resistance at various air- 
flow rates and ambient temperatures 
will be supplied for specific semi- 
conductor requirements. Wakefie'd 
Engineering, Inc., Wakefield, Mass. 
Circle No. 188 on Inquiry Card 
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GREATER STABILITY IN A SMALLER PACKAGE! 


AMPLISOLVER is a compact package only 3inches 
long, with a Size 8 winding compensated resolver 
and a dual channel buffer amplifier, within a Size 
15 frame. AMPLISOLVER offers unity transforma- 
tion ratio with Zero phase shift, over a tempera- 
ture range from —55°C to +125°C. 


AMPLISOLVER is the lightest module of such 
accuracy in the industry, weighing only 8 oz. The 
unit features an input impedance of 1 megohm 
minimum with a low output impedance of 270 + 
j400 ohms. Direct drive from resolver to amplifier 
eliminates the cable connections. Trim adjustment 
on AMPLISOLVER can be made in the field to + 


VISIT AMERICAN ELECTRONICS, INC. 
at the |.R.E. Exhibit » BOOTH 1997 
March 21-24—New York Coliseum 


2% of unity transformation ratio of 1 to 1. Its ver- 
satile design features permit adapting AMPLI- 
SOLVER to computing resolver chain functions. 


SPECIFICATIONS—MODEL 15RASE-11D 


WNIT 8 0c dian< cn sitcande bade suctas cohunee 10 
Amplifier Power Supply (Volts D.C.) (Reg.)........ 30 + 3 
UE IND socks Gi vk oko s hac cvecumacsi 1 megohm min. 
Output Impedance (ohms) .....................05. 270 + j400 
Maximum Null Voltage (volts) 

PRRs cicscsCestivecndasupeuteeel 010 

POs thins tad vaskcdadidvorekbaksadeeon 015 
Maximum Functional Error (%)...............cccceccecceee 0.1 
Transformation Ratio (Rotor/Input) ............ 1.000 + .001 
Pm ee I ong dv cc bNcdic sc nde dcceact 0+ 0.1 


Meets MIL SPEC MIL-E-5272C 


For complete information write: 


AMERICAN ELECTRONICS, INC. 





INSTRUMENT DIVISION 


9503 WEST JEFFERSON BOULEVARD, CULVER CITY, CALIFORNIA 
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* American Electronics’ 
new Amplifier [ Resolver module 
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MISSILE, AIRCRAFT 
AND INDUSTRIAL 
APPLICATIONS 
@ Guaranteed noise free signal 
under high vibration @ Long 


ife @ Infinite Resolution e | 


Available as a standard in all 
res ; fanges “% CF fee 9 


STRUMENTS 
OF AMERICAN | 
AND METALS, INC. 


1ore St., Westbury, N 
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COMPONENTS. DESIGN 


ULTRASONIC DELAY LINES 


Multicomponent Glass Materials 
Reduce Temperature Dependence 


From the inception of solid ultrasonic 
delay lines during World War II fused 
quartz and fused silica, which are both 
vitreous Si0. but are differentiated be- 
cause of their different origins, have 
been employed almost exclusively as 
the wave propagation media for ultra- 
sonic delay lines operating at 10 mega- 
cycles and above. Not only does fused 
silica exhibit the homogeneity and iso- 
tropy required for high frequency oper- 
ation, but it has extremely low acoustic 
attenuation as well. The acoustic at- 
tenuation figure used in delay line 
work is 0.1 to 0.2 x 10° decibels/mi- 
crosecond/megacycle. 

On the negative side, however, the 
time delay and acoustical attenuation 
of fused silica are appreciably tem- 
perature dependent. Weston H. Jen- 
kins of Corning Glass Works, Corning, 
N. Y. reports that for shear waves in 
fused silica, the time delay—tempera- 
ture coefficient is -80PPM/°C and the 
acoustical attenuation—temperature co- 
efficient is —5 to —10%/°C. 

Because of this temperature de- 
pendence, he says, delay lines for pre- 
cise applications must be packaged in 
temperature-controlled cases. Although 
the auxiliary parts and power thus re- 
quired are relatively minor matters 
when delay lines of several thousand 
microseconds length are under consid- 
eration, Jenkins points out that the 
magnitude of these requirements be- 
comes disproportionately great for short 
delay lines of a few tens or hundreds 
of microseconds, particularly those 








DECIBELS 











T T 7 ’ T r T T uy 


MEGACYCLES 


Fig. 1 Temperature dependence of in- 
sertion loss for a 2000 microsecond, 30 
megacycle fused silica delay line, re- 
ferred to attenuation at room tempera- 
ture. Taken from A. H. Meitzler, 
“Temperature and Frequency depend- 
ence of Insertion Loss In Delay Lines,” 
1958 IRE National Convention Record, 
Part II. 
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Glass A 

Shear Wave ; tank. The 
Velocity, CM/y, SEC 0.282+.001 0.283.009) ligibly sm 
' Figure 

Time Delay— vs erties of 
Temperature Coefficient, Aieiened 
PPM/°C ...... 47.541 —0.54i), develope 
efficient ] 
Acoustic Attenuation, control a 
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Temperature Coefficient ; . | 
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Fig. 3 Insertion loss as a function of ica, and t 
frequency for a short ultrasonic delay that of fi 
line of Glass A. Transducer capacitance second), tl 
tuned out at only a single frequency. © pees 


Figure 
which are to be used for airborne ap vs. freque 
plications. line of gla 

The general problem of materials fa ohm load 
delay lines has long been pursued. The ¢lectric ce 
search has concentrated on glassy in the she 
rather than other materials for dela) Efforts 
lines operating at 10 megacycles ani ¢s of lowe 
above. Jenkins says this interest is out sacrific 
glasses is well founded. To avoid acous) erties that 
tic loss by scattering, ordinary mate. ing activel 
rials of crystalline structure must by however, t 
avoided. This eliminates metals, for en which are 
ample. Organic materials are very hig) duction, wv 
in attenuation. This eliminates plastic) problems | 

















Large single crystals have been met Cirel 
tioned as possibly having low acousti} -———— 
attenuation. But they would be unlike 

ly to allow multiple traverse of tl wortn ps: 
delay line blank by the ultrasonij 

beam because of the directional chi 

acteristics of the crystal’s elastic prop Doppler § 
erties. Hence, he says, for general high 4 doppler 
frequency delay line use, only glassé quick dete 
are left. However, according to Jenkin} for a wide 
commercial glasses have always bet) quencies, 
designed for properties other pocket-size 


acoustic. As a result none with chara} pler shift j 
teristics particularly good for dela to a series 
line use have been found. required. I 

Recognizing that work on speciiia direct r 
glass compositions was needed, Cort) feet per s 
ing Glass Works began a program iff booklet inc 
the fall of 1958 to develop glassé) Order your ec 


with low time delay-temperature ct — 
efficient specifically for delay line ust 5160 a 
This program, currently in progress, Buffalo 9 
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consists of systematic composing and 
laboratory melting of glasses for acous- 


| tic tests. By employing precise time- 
| delay measuring equipment they have 
| been able to obtain satisfactorily accur- 


ate results on small samples, which 
they say is most helpful when melting 


' is done on a laboratory scale. 


Information gained on the relation- 


| ships of glass composition and acoustic 


properties is used in the formulation 
of subsequent compositions. Also, melts 
of the most promising glasses are re- 


' peated several time to check variations 


that might be encountered in produc- 
tion runs in a platinum optical-glass 
tank. These variations have been neg- 
ligibly small. 

Figure 2 tabulates the acoustic prop- 
erties of the two best glasses so far 
developed. Time delay-temperature co- 
eficient has been brought into close 
control at a very acceptable level. 
Acoustic attenuation in multicompon- 
ent glasses, however, appears to bot- 


' tom out in the region of 5 x 10-3 db/ 


microsecond/megacycle. But the acous- 
tic attenuation—temperature coefficient 
is about one-tenth that for fused sil- 
ica, and the shear wave velocity is % 
that of fused silica (0.376 cm/micro- 
second), thus permitting delay line size 
reduction. 

Figure 3 is a plot of insertion loss 
vs. frequency for a 36 microsecond 
line of glass A operating into an eight- 
ohm load. This line employs ferro- 
electric ceramic transducers operating 
in the shear mode. 

Efforts to develop delay line glass- 
es of lower acoustic attenuation with- 


i) out sacrificing the other desirable prop- 

erties that have been obtained are be- 
ing actively continued. Jenkins believes, 
§ however, that the types described here, 


which are being used in delay line pro- 
duction, will go far in eliminating the 


is) problems associated with fused silica. 
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MH WORTH BUYING 


Doppler Shift Calculator 


i A doppler shift calculator provides 
“) quick determination of doppler shift 


for a wide range of velocities and fre- 
quencies. Simple adjustment of the 
pocket-size calculator determines dop- 


* pler shift in one operation, in contrast 
) to a series of computations normally 


required. In addition, a scale provides 
a direct reading converting knots to 
feet per second (12 page instruction 


booklet included). Price 50 cents. 
| Order your copy from: 


Sylvania Electric Products 
Department SES 

1100 Main Street 

Buffalo 9, New York 
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@ Contact bounce: NONE. 
Operating vibration: 5 
Operating shock: 100 G. 
cuit to 2 amps. 


to 2,000 cps, 30 G's. 


» Contact rating: dry cir 


y low contact resistance. | 7,866,046 


E Show 


e Extremel 


. 


Visit Booth 1929 at the IR 


Write for illustrated literature. 


ELECTRO-TEC CORP.” "=" 


P. 0. BOX 37S, SOUTH HACKENSACK, N. J. « BLACKSBURG, VA., ORMOND BEACH, FLA. 





@) 





CIRCLE NO. 11 ON INQUIRY CARD 


15 

















YARDNEY 
SILCAD* 
BATTERIES 


Nothing to add, nothing to fix. With the 
compact, powerful, rechargeable SIL- 
CAD you can forget about maintenance! 


For this reason — and many others — 
design engineers in military and com- 
mercial fields have turned to the rugged, 
lightweight, economical YARDNEY SIL- 
CAD to meet the demands of today’s 
portable electronics — receivers, trans- 
mitters, computers, transverters, con- 
verters, solid state inverters, and all 
portable electronics... heavy-duty light- 
ing, internal and ground support APU 
replacements, marine equipment, page- 
call systems, stand-by power... portable 
medical equipment... 


YARDNEY 
ELECTRIC 
CORP. 


“Pioneers in Compact Power” ® 
40-50 LEONARD STREET, NEW YORK 13, NEW YORK 
Patents granted and pending. 

1960 by Yardney Electric Corp. 
See You at the I.R.E. Show—Booth #2127 
CIRCLE NO. 12 ON INQUIRY CARD 
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COMPONENTS DESIGN 


MASER AMPLIFIERS 


New Techniques Reduce Noise 
Temperatures to Less Than 10°K 


Several recent advances in maser tech- 
nology made at the Hughes research 
laboratories have contributed to the 
practicability of masers for system ap- 
plications. The large electromagnet of 
most previous masers has been replaced 
with a small permanent magnet. The 
discovery of ferrites and garnets suit- 
able for use at very low temperatures 
has made possible the development of 
liquid-helium-cooled circulators. Thus 
the noise contributed by the circulator 
has been reduced from about 20° 
Kelvin to a small fraction of a degree. 

Hughes scientists said that amplifier 
noise temperatures of less than 10° 
Kelvin are now possible in the 1-to-15 
KMc band for amplifiers having gains 
and bandwidths typically between 20 
and 30 db and 5 to 30 Mc, respective- 
ly. Thus it is possible, they said, to 
achieve overall receiver noise tem- 
peratures, not including the noise out- 
put of the antenna, of 10° Kelvin. This 
contrasts with the value of 1500° Kel- 
vin for the noise temperature of a good 
conventional receiver having an 8 db 
noise figure. 

An important advance is the de- 
velopment of multiple-cavity masers in 
which each cavity consists of a silver- 
plated ruby crystal. The operation of 
this type of amplifier is analogous to 
that of a synchronously tuned multiple- 
cavity filter having a power gain in 
each section. The addition of a second 
cavity to a conventional single-cavity 
maser increases the bandwidth from 5 
Mc to 18 Mc when the overall gain is 
adjusted to 26 db in each case. A third 
cavity provides a small additional im- 
provement, as is expected from the 
theory for the behavior of such circuits. 

Another problem that had to be 
solved in order to make maser ampli- 
fiers practical for systems such as radars 
was the development of a means for 
protecting the receiver during the 
transmission of strong signals from 
nearby antennas. It is necessary to 
prevent signals of greater than about 
one microwatt of peak power from 
arriving at the input to the maser be- 
cause these signals reduce the gain of 
the maser for a large fraction of a sec- 
ond. The protection of the maser had 
to be accomplished without degrading 
its noise temperature—a serious prob- 
lem in view of the fact that a device 


ahead of the maser having a loss of 0j 
db, and operating at room temperatur 
produces a noise temperature of abo 
35° Kelvin, which adds directly to 

maser noise. The problem was soly 
in two ways, both of which use 

operation of ferrite devices in 

liquid-helium bath of the maser. 

first method involves use of a sim 
two-port transmission device whi 
contains a ferrite element in a d& 
magnetic field, the magnitude of whit 
can be set at either of two levels ly 
switching. In one state the device tran 
mits with an insertion loss of a fe 
tenths of a db; in the other state? 
reflects the input power so that th 
output is down 30 db. This device pri 
vided adequate protection for a mag 
amplifier which was operated in a coy 
ventional X-band airborne fire cont 
radar with a common transmit and 

ceiver antenna. The magnetic circu 
of the ferrite switch is pulsed in sy 
chronism with the transmitter pulse. | 

A cooled circulator especially d 
signed so that the magnetic field w 
be reversed rapidly provided a secon 
solution. The input signal to the w 
ceiver is switched from the maser 
a matched load at another terminal: 
the circulator. This is accomplishé 
without degrading the noise tempe 
ture of the maser. 

Another important advance cif 
tributed by one of Hughes’ basic & 
search programs in masers is the w 
derstanding of the principles 
limitations of the design of ruby masé 
for operation at higher temperatur 
than those associated with liqu 
helium. This work resulted in the 
cent demonstration of useful mag 
gain at liquid-nitrogen temperatu 
which is 77°K. An X-band amplil 
having a noise temperature of 100 
was obtained with a greatly simplifi 
cryogenic system. For applications 
the lower frequencies, noise tempet 
tures considerably lower than the bi 
temperature are feasible. This suggé 
the use of closed neon (27°K) or} 
drogen (20°K) cooling systems, 
resultant simplifications of cryogel 
apparatus. It now appears that praé 
cal, continuously operating, clos 
cryogenic systems for use with any ¢ 
of several refrigerants will be availab 

These advances, together with 0 he 
that may follow from the continu! 
work on masers at a number of labot 
tories throughout the country, m 
have made maser techniques availa 
for advanced applications to systet 
which require very low noise receivél 
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Unique Electromechanical Interlock 
Performs Multiple Switching and 
Signalling Functions... 


Fail-Safe Feature: Retaining pin design w 
stands 3,000 Ibs. static side force 


ELECTROID’s model AM-1500 represents an entirely new concept in 
solenoid relay design, capable of mechanically retaining extremely high 
loads and simultaneously providing electrical interlock and positioning 
information. Switches can be set precisely to any predetermined oper- 
ating tolerance. Various arrangements of independent interval SPDT 
switches can be operated at both the beginning and end of stroke. 

This feature, by either internal or external electrical connection 
of the switches, can be made to interlock remote mechanical or 
electrical action. Provides high shock and vibration resistance 
(meets MIL-S-7029, MIL-E-5272 and MIL-S-4040 specifications). 
Fail-safe feature for aircraft, missiles and missile launchers. 










Features of the AM-1500 (as illustrated) 
¢ Retaining pin design withstands 
3,000 Ibs. static side force. 
¢ Positive action overcomes 15 Ibs. 
load @ 12 V.D.C. @ 72° F @ .250 
stroke upon energizing. 
« Internal 10 Ib. spring force repositions 
retaining pin upon deenergizing. 





For special assistance with your particular 
electromagnetic requirements and for complete 
technical data on the AM-1500, write today. 


t 4 oO P °o R A ¥ | oO N 


98 Progress Street, Union, New Jersey 
Tel.: MUrdock 6-8290 
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addi ds in your designs 


HEINZE 
UNIVERSAL 
MOTORS 





HIGH TORQUE 


— ELECTRIC 
CAN 






. hand tools ... gum 
tape machines . . wend- 
ing machines . . . meat 
slicers . . . automobile 


antennas... and similar applications 
requiring high starting and/or run- 
ning torque. 

In addition, Heinze Universal 
Motors are rugged to withstand tough 
applications, compact to fit limited 
space, versatile to allow all types of 
mounting arrangements and modifica- 
tions, uniform in quality, keyed to 
high production, and are competi- 
tively priced. 

Standard voltage rating is 115V 
AC/DC but motors are supplied for 
other voltages. 


SEND COUPON FOR CATALOG 


| HEINZE | ELECTRIC COMPANY 
685 Lawrence Street, Lowell, Mass. 


SUB-FRACTIONAL HORSEPOWER MOTORS AND BLOWERS 


Heinze Electric Company 
685 Lawrence Street, Dept. ED 
Lowell, Massachusetts 


Please send catalog on Heinze Sub-Fractional Horse- 
power Motors and Blowers. 
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Fig. 1 Two models of Litton Industries new printing tubes. Model L-4013 (left)) "is. 2 
has a printing head with a rectangular mosaic array; model L-4016 (right) ha ton’s direc 
a linear array. the rectan 
or glossy : 
cost base | 
Printing ¢ 
; , rendering | 
DIRECT PRINTING TUBE tactical display maps and stock contrd} slightly co: 
uses, projection transparancy genera-) media, suc 
tion, multiple copy reproduction, and| ent plastic 
High Speed Communication simultaneous recording at any number) esters, mz 
from Machine to Man of dispersed stations. Dielectric 
ments dep: 
Developments of " high definition elec-  pERATION AND DESIGN Bie 
tron gun and a unique metallic-element 
mosaic printing head have led to a __Litton’s direct printing tubes employ a 
new direct electronic printing tube. metallic element mosaic target or print} li 
Litton Industries, San Carlos, Cal. pre- ing head in place of the phosphor A "a of 
dicts that it could provide the much screen usually found in cathode ray Byer 7 
needed high speed, machine-to-man tubes. Type L-4013 provides a print) . se i 
coupling for modern computers and __ ing or writing head 0.15 inches high to 4 _" 
advanced data handling equipment. accommodate writing of complete -sepred 
The new cathode ray tube, trade- characters or symbols across the entiré — 
named, Printapix, is already being in- head width. This rectangular head may = a 
corporated in facsimile, oscillography, also be used for sequential scan line pa 
address labeling and television type (TV type) operation. Use of this tube yes muc! 
image reproduction equipment. Other minimizes system requirements for set pe 
applications soon will include high up and operation. L-4016 model has 4 be: — 
speed computer readout, controlled in- _uni-dimensional conductive element ar pica -_ 
formation storage and erase for military ray for sequential scan line operation Tah ot 
the electre 
MODULATION DEFLECTION head wid 
INPUT FOCUS sion of ' me 
‘ane’ VOLTAGE & the writing 
(re) ISOLATION DIELECTRIC 7, 
BEAM CONTROL 7 --— ea 
UNIT _ y | 0 Wo: 
are s] 
PRINTAPIX 
= PRINTING TUBE S) —" 1 
H.V. POWER [+ tem on a 
SUPPLY _ 
haal the inenaic 
Fig. 3 Operation block diagram using direct writing tube. 
| MARCH AS 
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Fig. 2 Working characteristics of Lit- 
ton’s direct printing tube (Model with 
the rectangular mosaic head). Ordinary 
or glossy surface paper provides a low 
cost base material for image rendition. 
Printing quality can be improved by 
rendering the opposite side of the paper 
slightly conductive. Various transparent 
media, such as glass and thin transpar- 
ent plastic or commercial sheet poly- 
esters, may be used with Printapix. 
Dielectric material transport require- 
ments depend on the proposed applica- 
tion. 


Fig. 1 is a general view of the two 
models. 

Both tube types provide a full 2.75 
inch wide writing capability. Metallic 
elements are 0.001 inch diameter on 
approximately 0.004 inch centers, pro- 
viding an element density of 62,500 
conductors per square inch. Tubes 
with much closer spacing of writing 
elements can be furnished to accord 
with application requirements. Ele- 
ment densities up to one million per 
square inch are feasible. 

With either type tube, deflection of 
the electron beam along the printing 
head width accomplishes one dimen- 
sion of motion. The dielectric material 
is positioned immediately adjacent to 
the writing head, and movement of this 
dielectric base material past the tube 
face provides the orthogonal displace- 
ment. Working characteristics of the 
tube are shown in Fig. 2. 

Electrons in a high intensity, high 
definition beam produce, a charge pat- 
tem on a dielectric surface, such as 


the mosaic printing head. This mosaic 
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OUR FIELD ENGINEERS WILL GLADLY 
ASSIST YOU IN YOUR COOLING 
PROBLEMS 


Air-Marine motors and cooling units have been 
designed and tested to meet the specifications of both 
the military and industry. 


J ca 
air-marine motors, inc. 


369 Bayview Avenue 
Amityville, L.1., N.Y. 


2221 Barry Avenue 
Los Angeles, California 





in Canada AAE Limited, Weston, Ontario 
WRITE TODAY FOR OUR NEW CATALOG 
See us at the I.R.E. Show—Booth 2601. 
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19 











- Adjustable 
- Subminiature 


- Weighs only 1.3 oz. 


-Ni-Span C pressure capsule 





- Stainless steel housing 
















NEW BRISTOL PRESSURE SWITCH 


Here’s a subminiature pressure switch 
that incorporates the superb reliability 
characteristics of larger Bristol pres- 
sure switches. Yet, it’s both miniature 
in size and it’s adjustable. 

It’s the Bristol Type C2060... with 
six models covering ranges from 2-15 
psi, absolute, to 20-200 psi gauge. 


Easy pressure adjustment. You can 
change pressure settings easily and 
simply, without tools. Just turn the top 
portion of the switch. A strong ball de- 
tent holds settings positively even un- 
der severe vibration and shock. 
Withstands shock, vibration, and ac- 
celeration in excess of MIL-E-005272B 
requirements. SPDT snap-action con- 
tacts are rated at 5 amps, 125vac, 60 


BRISTOL 


eps; 2.5 amps d-c resistive load. 

Get complete specifications on the 
new Bristol adjustable pressure switch 
today. Simply write for Bulletin AV 
2015. The Bristol Company, Aircraft 
Equipment Division, 181 Bristol Road, 
Waterbury 20, Conn. 0.14 








FINE PRECISION INSTRUMENTS 
FOR OVER SEVENTY YEARS 


SEE US IN BOOTH 1817 AT THE I.R.E. SHOW 
CIRCLE NO. 16 ON INQUIRY CARD 
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COMPONENTS DESIGN 


head is an orderly array of one thom 
sandth of an inch diameter metallig 
elements penetrating a thin, vacuum 
tight glass face plate. ; 

Image development is a simple, in 
expensive and dry operation. The 
charge image, either line or conting 
ous tone, is rendered instantaneoush 
visible by adherence of a pigmented 
powder or floc, which may be perman} 








ently fixed by a rapid heat process, of 
erased for reuse of the base material? 


One system employs a_ developing 
powder with two components, a toner! 





and a carrier. Agitation of the combina) 
tion produces triboelectric charging? 
The toner is a finely pigmented plastic? 
positively’ 






material which becomes 
charged, and is thus attracted to the 
negative charge image on the dielectric! 
material. A typical carrier material js 
powdered iron. 

The developing powder is released’ 
as a cloud or fog in close proximity to 


the charged dielectric surface. Pig) 































The new 81 
developed 
with Contro 
and design 
The 81AM1 
a 2:1 frequé 
region, and 
and generé 
tions. 


Specificati 
the 6 star 
DUCTOR® 





——___—_—_ 


mented plastic is attracted to and re) AB 


tained on the charged areas by the 
coloumb force. Since the 
image color is determined by the pig. 


_ SERIES 
result 2%6" X 133% 


ment, multicolor reproductions may be) AQ 


obtained by proper development. 
Simplicity results from the dired 
coupling of electrons to non-sensitized 
base dielectric, without conversion to 
light and use of optics. High definition 
is achieved through use of 0.001" 
diameter conductive elements and elec 


_ SERIES 


) 1%." X 


1%" X 1" 


DB 


tron beam. Writing rates are 0.1 mi SERIES 


crosecond per element. Bone xc 
An operational block diagram for the -.* 


tube is shown in Fig. 3. Operating 
circuitry and components of the Print 
apix tubes are similar to those norma 
used for display, readout or oscille 
graphic applications. Ordinary telev: 
sion components and_ techniques 
quite satisfactory in many instan 
For operating convenience, the tube i 
frequently run with the printing he 
at ground potential. 
Circle No. 125 on Inquiry Card 








b 13344" X 25% 
DQ 
SERIES 
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AP 
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WORTH FILING 
Synchro and Resolver Manual 


XBK 


SERIES 











A new 25 page handbook presents 
detailed account of the application a 
measurement problems associated 
synchros and control resolvers. It cé 





ers such topics as: what is a synchi 


application problems; electrical zero 
procedures; electrical error meas 
ment methods; null measurement pr 
cedures; phase shift and transform 
tion ratio methods. 


Source: Theta Instrument Corp. 
Saddle Brook, New Jersey 
For your copy: Circle No. 131 on Inquiry Ce 
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The new 81AM1 INCREDUCTOR® Unit was 
developed from over ten years experience 
with Controllable Inductors, special ferrites, 
and designing complete Tuning Systems. 
The 81AM1 can be tuned electronically over 
a 2:1 frequency range in the 50mc to 400mc 















Miniaturized 





INCREDUCTOR’ 


Controllable Inductor 


CGS INCREDUCTOR® Controllable Inductors are used for electronic 


Tuning applications involving: Power, Wide Tuning Range, High Q, Rug- 
ged Environmental Conditions. Units available exceeding MIL-T-27A. 


INCREDUCTOR® Controllable Induc- 


operating point of the signal winding 

































































































































































a toner —* -caaldhonpel yraesirt Dog § o tors: Ic in the control winding causes a core on its bh curve. Signal windings 
; nera - . - j ili 
mbinay and ge change in the permeability of the signal can handle powers from about two to 
lar ging, oe WANE CONS MOEN THEN Comaes: & eight watts. The insulation test voltage 
plastic Specification Table below gives data on corresponding change in the signal mes nate , matali: ta: Oetile Mladen 
\sitively the 6 standard series of CGS INCRE- winding inductance. A current, lb, in a ROS CF Sewn Ss Ons 
‘to the DUCTOR® Controllable Inductors: separate bias winding is used tosetthe DC, working voltage is 500 Volts DC. 
ielectric’ Signal 
serial | Minimum Nominal Somes eae Maxi- 
Tee | peering | atime, | chsage | elacge-” | mg 
CONTROL! |! auo static 
released’ WINDING | |! Shield 
Hal ———__—_ H 
imity ) oneal A} Le = 6h max., Ic peak = 50 ma., Ic max. rms = 30 ma., Re = 1000 ohms, ‘ 
e. Pig) AB H Lb = 175 mh, lb max = 30 ma., Rb = 200 ohms. 
and re , wseer® 63AB1 0.7-2.5 mc 100 uh 14:1 15 uuf 140 
by the SERIES ao ao 63AB2 0.3-1.0 mc 500 wh 14:1 30 wut 140 
esultanil 25/6" K 13364" K 25%" 53ABl1 0.1-0.35 mc 2500 uh 14:1 60 uuf 140 
the pig Le = 3h max., Re = 200 ohms, Ic peak = 100 ma., Ie (avg.) = 70 ma., 
mav be. AQ@ | Lb = 0.5h, Rb = 200 ohms, Ib max. = 6 ma. 
nt. | SERIES sia 62AQ2 1.5-5 me 20 uh 6:1 6 auf 70 
‘ * WINDING 62AQ3 2.5-8 mc 7.7 wh 6:1 5 uuf 70 
, i? 62AQ4 3.5-10 mc 4.3 uh 6:1 4 yuf 80 
2nsitiz v re O) 72AQ2 7-20 mc 1.2 uh §:} 4 uuf 80 
rsion 72AQ3 20-60 mc 0.37 uh 5:1 5 unt 80 
a 1%" X 1” 81AQ2 60-150 mc 0.10 wh 31 3 uuf 80 
efinition 
0.001" CONTROL) 1) [PO Le = 50h max., Re = 750 ohms, Ic peak = 130 ma., Ie (avg.) = 70 ma., 
1 eles! DB WINDING | If Lb = 2.5h, Rb = 500 ohms, Ib max. = 525 ma. 
inc | { 
0.1 me SERIES winning 3 3'l] winoinc 38DB1 0.2-5 Ke 3000 mh 350:1 85 waf 60 
: ; \ 48DB2 1-20 Ke 500 mh 350:1 85 uuf 80 
) 2546" x aa 48DB3 2-40 Kc 100 mh 350:1 75 uuf 100 
n for the! 58DB1 4-100 Ke 20 mh 350:1 65 uuf 100 
. 13344" K 2564" 58DB2 10-200 Ke 4 mh 350:1 60 auf 130 
yperating 
he Print DQ lc = 6h max., Re = 325 ohms, Ic peak = 100 ma., Ic (avg.)= 70 ma., , 
norma roe Lb = lh, Rb = 200 ohms, Ib max. = 10 ma. 
oscille SERIES — 65DQ1 1-5 me 25 uh 36:1 3 unf 70 
65DQ2 0.7-2.0 mc 100 uh 36:1 6 auf 100 
y televih 114," x 134" « 1" 55D0Q1 0.3-1.0 mc 500 uh 36:1 12 wuf 70 
ques ; a : ee 
nstan AP Suggested Frenciiay Maxi- Control Winding Bias Winding 
e tube Type | Operating | Change | ™um le Lin | Rin Ib Lin | Rin 
: h SERIES ici Frequency Ratio Q (avg.) | Henries|Ohms | (avg.) | Henries | Ohms 
in e 
8 MINING BeS1AP1| 88-192mc|  2.8:1 100 70ma| 1.5 225 | 15ma 1.1 | 900 
1%" x 81AP2 48-122 mc 3.22% 100 140 ma 0.58 100 20 ma mi 750 
ird 81AP3 88-192 mc 2.8:1 100 140 ma 0.58 100 20 ma 2.1 750 
1%6" X 1% 6" 81AP4 | 130-260 mc 2.63 100 140 ma 0.64 88 20 ma 2.3 700 
oe ne ae a 
XBK The XBK Series has Center Frequencytuned 6XBK5 (3.0-209mc: 5 bands) data: Avail- 
with a dual 150 uuf variable capacitor. The able Sweep 3-16mc (Depending on band). 
— SRES ==> 6XBK4 (3.7-216mc: 4 bands) and the Le = 20h, Re = 1500 ohms, Ic peak = 30 ma. 
2%" X 3%" x 3” iy Ye eee zi cee 
resents Magnetic Components Div. The 61BT1 is a dual unit for FM & AFC ap- Heater voltage 27.5 v DC nominal Size: 
ation 4 plications incorporating an internal heater 2%" x 1!'4.6" x 17/6". 
ated 6IBTI and thermostat. Signal winding: Min effective Inductance, 
5. It e Lei = 1.5h, Ret = 230 ohms, Icl = 9-13 ma, 12 uh: External Capacity, 7-45 uuf: Center 
20" K 1346" K 1%6" bLe2 = .04h, Rez = 18 ohms, Ic2 = 2.5 ma. frequency, 5.1 mc: Max deviation + 100 kc- 
| synchi 
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Manufacturers of: e TRAK® Panoramic Re- 
ceivers @ TRAK® Antenna Multicouplers 
@ Morse-to-Teleprinter Code Converters 
@ POLYCOUPLER® Wideband Transform- 


ers e@ Oscillator Cavities e Countermeas- 
ures Equipment. 


52 DANBURY ROAD e WILTON, CONNECTICUT @ Tel.: POrter 2-5521 
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We invite you to write for CGS ‘‘INCREDUC- 
TOR® Notes'’—28 pages of technical data, 
charts, diagrams, and applications for Con- 
trollable Inductors. 
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Fig. 4 Resonances of a conventional structure can be 
damped by the application of a strip damper—a member 
that dissipates large amounts of energy when attached to a 











vibrating structure. Two strip dampers above make use 
a retainer strip housing an insert. Layer of viscoelast 
damping material separates the insert from the retaing 
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Fig. 1 Top—At a 17-cps sinusoidal vibration input, con- 
ventional beam amplifies the vibration by a factor exceed- 
ing 100; damped beam amplifies by an approximate factor 
of 10. Center—At their first harmonic frequency of 105-cps, 
lower response of the damped beam is striking. Vibration 
amplification of conventional beam exceeds 100, while that 
of “Rigidamp” is approximately three. Bottom—At the 
second harmonic, 300-cps, the damped beam vibrates so 
little as to appear stationary while the excitation of the un- 
damped member is apparent to the naked eye. Amplification 
of conventional beam is 50 times that of “Rigidamp” beam. 
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SYSTEMS PACKAGING | 


New Design Technique Minimizes Resonant Responst 





The control of resonant vibration is important in the desig) 
of structures and supports for electronic and _ electro} 
mechanical equipment subjected to environments contain 
ing excessive noise, shock and vibration. High vibration 
and noise levels generated by modern, high-energy pow 
sources exist over a broad frequency range. When 
power-source vibration becomes amplified by  structurd 
members, large dynamic stresses are created in the struc 
ture, transferring high accelerations to critical component 
within system packages. 

Jerome E. Ruzicka, Barry Controls Staff Engineer point 
out that current design objectives associated with system 
packages include low noise, light weight, increased reli 
bility and long life at higher operating speeds. Avoidan 
of detrimental resonance conditions to which these sub 
system packages are subjected, according to Ruzicka, ust 
ally have taken a number of forms: 

¢ Rigidization of structural members 

* Decoupling of resonating systems 

* Detuning of coupled resonators 

¢ Using high fatigue-strength structural materials 

* Reducing vibration excitation of the structure. 

Now, engineers of Barry Controls, Inc., Watertowl 
Mass., have a new solution to the shock and _ vibrato 
problems of the space age: vibration-resistant structumi 
members and production assemblies. Barry Controls’ aj 
proach involves the building of high damping characteri 
tics into the new structural fabrications, achieving greaté 
damping of resonant vibrations without the use of vibratiol 
isolators. 





















CONVENTIONAL VIBRATION DAMPING 


Conventional vibration damping approaches have not bee 
completely adequate in coping with some of the mode 
problems of structural resonance resulting from the comple 
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MATERIAL Y, 


walls; additional retainer strips and inserts can be added to 
the strip damper design (lower illustration) thus providing 


























Zia: fi panne eal aa aga 
y YILIELY, a | INSERT 
y / INSERT VISCOELASTIC \ 
WO Z eens \ VISCOELASTIC 
| Y A AA DAMPING 
wy CELL ss MATERIAL 
yy y CELL 
VISCOELASTIC Y 
DAMPING said Y 























a convenient means of varying the amount of damping sup- 
plied to conventionally designed structure. 
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VISCOELASTIC -DAMPED LAMINATED SHEET 


Fig. 2. Large-area sheet members, such as panels or plates, 
are susceptible to noise transmitted through the atmosphere, 
as well as mechanically transmitted forces and motions. 
Resonant amplification of conventional sheet metal chassis 
fabrications can cause electronic components failures. In 
the above designs of damped structural sheet, the damped 
laminated sheet contains two laminates separated by a uni- 
form layer of viscoelastic damping material. The damped 
honeycomb sheet fabrication contains a standard honey- 
comb section (core plus bonded skin members) to which 


Viscoelastic 


i material 
insert. 4 ZZZZZLZLZ LALLA 
2% 
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Fig. 3 Cell-insert design technique of damping structural 
beams prodrces a viscoelastic-shear damping mechanism in- 
tegral with load carrying members. The large ncmber of in- 
serts shown in the structural shapes are to develop high 
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VISCOELASTIC-DAMPED HONEYCOMB SHEET 


a constrained layer of viscoelastic damping materia] has 
been added. Laminates in both of these designs carry loads. 
When the damped-sheet designs undergo flexural vibrations, 
the viscoelastic damping layer is subjected to a cyclic shear 
strain that dissipates energy. Energy dissipated by the 
damped fabrications is a function of the design geometry 
and the physical properties of the damping material. Some 
applications require more than two laminates in the damped 
laminated sheet while other applications derive adequate 
damping properties with a constrained damping layer added 
only to one side of the honeycomb sheet. 


Viscoelastic 


Inserts 
damping material 





Retainers 


damping for all bending vibration modes as well as torsional 
vibrations of the beam. Also, multiplicity of inserts decreases 
the possibility that a fabrication device (bolt or rivet) pre- 
vents gross shear from developing in the viscoelastic damp- 
ing layer during vibration. 
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Reductions in weight and size... 
increased reliability... unlimited 
design possibilities... production in 


SIZE 11.5 


LE 8....1@ 


% 


all quantities... 


These values, and many more, have 
.made Bowmar an outstanding sup- 
plier of all types of servo gear 


assemblies and components. 


Bowmar con supply all basic sizes 
in any mounting configuration, or 
can design and produce completely 
new devices to your exact require- 


ments. 


Go WMAR 
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FUTURE 








Fig. 5 Three Barry “Rigidamp” structural members; 
beam at ‘eft has same dimensions as standard 3-in. I-beam, 
Aluminum, it contains 14 steel inserts. Aluminum 1 x 1” 
channel contajns a steel insert 1/16” thick. Rectangular sec- 
tion is 1/2 x 3” cross section and contains four steel cell 
inserts. Viscoelastic damping medium at the interface of cell 
and insert absorbs dynamic energy when the beams flex 
under impressed vibration. 


nature of dynamic environments. Designs involving rigidi- | 
zation, decoupling and detuning have been unacceptable | 


in applications in which they add too much weight. In ad- 


dition, increased structural stiffness may react with local | 


mass properties, producing a new resonance more damag- 
ing than the original. 

Decoupling decreases the number of coupled resonators 
that exist between the environment input and the com- 
ponent position, whereas detuning separates the natural fre- 
quency of the components from the structural natural fre- 
quencies on predominant excitation frequencies. However, 
natural resonances of structures and components can still 
be excited because the frequency range of mechanical and 
acoustic random excitation existing in modern dynamic 
environments is sufficiently broad to encompass many of 
the natural frequencies of the structure. 

Design approaches that use high fatigue-strength struc- 
tural materials rely on fatigue, damping and elastic proper- 
ties of engineering materials and are still in the develop- 
mental stage. Vibration isolators have been effective in 
reducing vibration transmitted to a structure; however, be- 
cause structure vibrations may still be ‘increased to un- 
acceptable levels, vibration isolators may not be the solu- 
tion to a specific problem. 


NEW APPROACH 


Ervin Pietz, Barry’s President, believes that their new 
structures—trademarked “Rigidamp”—will solve many of the 
vexing problems of extreme vibration created by modem 
high-energy power plants. These materials attain their 
high damping action by special laminated and cellular con- 
struction. Sheets on thin rectangular section beams are 
laminated of conventional materials, either metal or plastic, 
separated by a viscoelastic damping medium. In flexing 
under the impressed vibration, the separate laminations of 
structural materials slide relative to each other. The sliding 
is impeded by the specially formulated viscoelastic material 
and most of the energy of resonance is absorbed in strain- 
ing and the viscoelastic layer in shear. 
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New Ketay size 15 integrating motor tachometer — 
® REQUIRES NO WARM-UP TIME 
® USES NO HEATERS 
® HAS 1.0000 VOLT PER 1000 RPM OUTPUT 
GRADIENT OVER ENTIRE TEMPERATURE RANGE 
chen 
40 
= 
Zz 
s % DEVIATION 
20 | FROM. ly/1000RPM 
tors 
— 
10 oo 
~ 
nbers; ~ 
-beam. ) 20 x 40 60 30“ 
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fogs at TN | TEMPERATURE C_ 
el cell ™ 
of cell —20 a. Soart 
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—40 ~~ 
nail 
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eptable a 
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h local The Ketay integrating motor tachometer, — - eames eee } 
Jamag- Type 105P2Y has many features that as- 
sure high output-to-null voltage ratiosand = | ~~ CHECK THESE GENERATOR SPECIFICATIONS: 
onators extreme accuracy over the entire tempera- i 
» coe ture range of —55°C. to +80°C. oe AEG ODOT RRO N. HI TRMED SINE ENE. 115 
If In addition, the Type 105P2Y will give PN so Ia esil didn tds cag al \ + 5 «dea ade + manne 400 
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tive im 4 Variation in axis error with variation in 
yer, De 23 ambient temperature (—55°C. to +80°C.).............. + 7MV + J8MV : 
to un [- lo ; Variation in phase shift with variation in j 
> i ambient temperature (—55°C. to +80°C.)................0.0005. +1° i 
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HIGH BRIGHTNESS and REGULAR TYPES | 


DIALco’s Sub-Miniatures 
use tiny T-2 Neon Glow 
Lamps: NE-2J (High 
Brightness) at 105-125 Vv. 
A.C.; or NE-2D (regular) 
at 105-125 V., A.C. or D.C. 


Series mounts from | 
PRONT of panel in 15/32 
clearance hole (supple- 
ments 17/32” Series). 
Also—units for mounting 
from BACK of panel in 
15/32” clearance hole. 
Unique lenses in 5 colors; 
give all-angle privet 

its are fully insulat “ 
sees applicable Mil. Specs. 


Ask for Brochures 
L-159B and L-162. 


(Illust. approx. actual size) 





(Front mtg., 15/32”) 


No. 145-5036-991 F 


(Back mtg., 15/32”) = 


No. 138-3836-1431-99 


T-1% ii 


Designed for use with 
1 i midget flanged 
ncandescent lamps— 
1.3 V. to 28 Vv... 
NEw Series mounts 
Tom FRONT of panel in 
—, clearance hole— 
Supplements 17/32” Ser; 
ow units for mount- on 
ing from BACK of i 
15/32” clearance -_— 4 
Unique lenses in 7 colors, 
nits are fully insulated; 
meet applicable Mil. Specs 
Ask for Brochures L-156 
thru 159B, and L-162. 4 


1-Terminal Pilot Lights 
uF use - &rounded 
Circuits. Mount in 13/32” 
or 15/32” clearance — 
hole. Binding screw 
or soldering terminal, 





SAMPLES ON REQUEST—AT ONCE—No CHance 


INCANDESCENT 


2-TERMINAL and 1-TERMINAL TYPES 


t mtg., 15/32”) 


No. 134-3830-375_7 
Spring-mounted Lens-with- 
essage is rotatable. 


(Front mtg., 13/32”) 


No. 101~4630-97} 


DIALIGHT 


40 STEWART AV 


1: NOK! vIY 


» NY. © 
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Fig. 6 This damped structure supports a countermeasy: 


with minimal elastic body resonances. Rack measures 27 
18 x 16”, weighs 20 Ibs. 


APPLICATIONS 


Barry engineers believe that the most obvious possib 
applications of their new structure are: electronic circt 
boards, electronic chassis, shelves, dust covers, aire 
parts, test fixtures, missile skins, relays and other pa 


structures, they have made successful applications 
structural plastics. 

In addition to reducing accelerations transmitted to s¢ 
sitive components, Barry engineers believe that their st 
tures can provide other significant advantages. F atigue 
is expected to be extended due to the reduction in # 
ambient stress level of the material. In addition, the st 


operate satisfactorily across a wide range of frequencies 
up to 2,000 cps, although Barry engineers believe that t 
frequency can be exceeded in most cases. In these situ: 


tions, increased vibration input requirements need not ret 
der an existing structure obsolete. 


DISADVANTAGES OF THE NEW APPROACH 


system in a high performance Navy aircraft, Damped hone 
comb construction provides a high strength to weight rat 


Though most of their research to date has been with meti 


tures are not sensitive to changes in vibration input ani 








The structures exhibit an extremely flat vibration respons 











Barry engineers were quick to point out that all design i 
a compromise and gains in one area are frequently cot 
pensated by losses in another. Their viscoelastic dampé 
members or structures have lightly less load carrying capat 
ity than a conventional member of the same material at 
cross section. For identical stiffness, structural dampit 
imposes a slight increase in weight. For identical cro 
section, the member carries less load. Because many desigi 
are based on dynamic stress levels, they believe that the 
“Rigidamp” designs may not require an increase in weigh 
or cross section, thus dispensing with some of the di 





advantages. 
Circle No. 121 on Inquiry Card 
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THOMAS A. 


EDISON 


Servo Motor-Generators 
are designed specifically 


for your systems 


Unlike ordinary “off-the-shelf” components, Edison 
Servo Motor-Generators are designed specifically to 
Operate as part of an electro-mechanical system. 


For example, their motor sections are built to have 
minimum time constants and reversing times. To in- 
sure precise coupling with mating gear trains, output 
pinions are fabricated to better than AGMA standards. 
Damping constants, from unit to unit, are held to 
very close tolerances. 


In addition to these special system features, Edison 
Servo Motor-Generators are made to the highest 


Thomas A. Edison Industries 


68 LAKESIDE AVENUE, WEST ORANGE, N. J. 


applications 


Edison Servo Motor-Generators are available with any type or size gear head or gear train. 















quality standards. They outperform MIL-S-17087 
(for motors) and MIL-S-17806 (for generators). 


Edison engineers provide you with the exact servo 
motor-generator your system calls for—not a cata- 
loged component that will only approximate your 
needs. For this reason, they will work closely with you 
in developing components that will assure you of 
the best system performance. 


For additional information on Edison Servo Motors, 
Motor-Generators and other rotary components, write 
for Catalog 3044. 


INSTRUMENT DIVISION 
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SYSTEMS DESIGN 


SIASED CORE SWITCH 


<~6€ WRAPPED wiees —~ 


Je COPPER STRIPS, 


BONDED 7O MOUNTING BOARD —— 


PERMANENT MAGNET MEMORY 


Memory Cards Store Data by Pattern of Bar Magnets In Photoetched Array 


Hair-thin wires wrapped with magnetic 
metal tape in barber-pole fashion plus 
tiny bar magnets are the basic ele- 
ments of a permanent electronic mem- 
ory that is comparatively inexpensive, 
easy to produce, and will help speed 
up computer developments. The mem- 
ory will supply bits of information at 
speeds in millionths of a second to a 
computer. 

The permanent memory is the result 
of a pair of technical achievements: 
the conception of a memory based on 
the inhibiting action of a permanent 
magnet on the magnetic characteristics 
of a Twistor formulated by Bell Tele- 
phone Laboratories researchers; and 
the development of mass production 
facilities for memory units by Western 
Electric Company in fourteen months. 
Automatic manufacturing techniques 
achieve efficient production. 
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MEMORY MODULES 


The memory module is built up of ar- 
rays of tiny permanent bar magnets 
located on plastic cards which are su- 
perimposed on a Twistor - conductor 
grid sensing element. The bar magnets 
are formed by first bonding a 0.001 
inch-thick sheet of Vicalloy I, a mag- 
netic material, to a plastic card. The 
card is then subjected to a high-pre- 
cision photoetching process to eliminate 
all the magnetic material except the 
small bars left at specifically desired 
locations. The tolerances required for 
this photo-etching process are far nar- 
rower than those needed in standard 
photoetching work. 


SENSING ELEMENT 


The sensing element for these magnets 


A section of a Twistor-magnet me 
frame. Three cores of the biased 
switch or transformer and _ their 
coils or solenoids are shown, with ei 
intersection twistors. The bar ma 
are shown as tiny “blocks” on the 
coils. (For reasons of simplicity, 
plastic tapes supporting the T 
wires and the word coils have 
e’iminated in this drawing, as has 


. 


plastic card carrying the bar magnets) 


is an underlying grid of horizontal a 
vertical conductors. The wires runni 
in one direction are magnetic and 

called Twistors while those in the pt 
pendicular direction are current ¢ 
ductors. Twistors are prepared | 
putting a spiral wrapping of mo 
permalloy magnetic tape around 
copper carrier wire. This wrappi 
produces a spiral magnetic path arow 
the conductor when a current is pas# 
along the tape and the carrier 

A number of these magnetic wires 
embedded in a strip of Mylar fi 
each with a plain copper wire alot 
side it for a return current carrier. 
other coordinate of the grid is m 
up of strips of copper foil 0.060 i 
wide, also embedded in a Mylar 1 
This conductor-bearing film is fold 
over the Twistor strip in such a 
that one complete loop is formed; e 
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loop of copper strip provides a single 
turn solenoid at right angles to the 
Twistors. For access to the memory, 
the open end of the solenoid (or “word 
coil”) is connected to a biased ferrite 
core switch or transformer. Because of 
the square hysteresis loop characteris- 
tics of this core, it also provides a se- 
lection scheme for picking a particular 
“word coil” out of a matrix of such 
coils. Neither the ferrite core switch 
nor the Twistor-conductor grid stores 
information in itself; they are used only 
for access to the permanent magnet 
memory. 


' MEMORY OPERATION 





’ The Twistor-conductor grid is used to 
sense the presence or absence of a 
field from a permanent magnet. The 
' field inhibits the action of an electrical 
pulse through a “word coil” on the 
magnetic properties of the Twistor it- 
self. If there is no magnet at a given 
intersection, a corresponding pulse is 
generated in the Twistor and read out. 
If a magnet is present, its field pre- 
‘vents the production of the Twistor 
' pulse; and no signal is read out. The 
) signal from the Twistor is about 6 
. meme Millivolts at an impedance level of 10 
ased co Ohms and is about 1 microsecond long. 
rele The computer interprets this signal or 
with eigt lack of signal to indicate a specific com- 
magné mand and acts on it to do its compu- 
the tation. 
icity, ® By inserting a new card with a dif- 


Pee ae 


2a 


aE 


eae 





> T ferent arrangement of magnets, the 
hal /memory can be easily and reliably 
naa changed to a new program when con- 
ditions require. Accuracy of registra- 
tion in the program cards is assured by 
the use of guide pins, and the entire 
card is held in close proximity to the 
Twistor grid by springs. The separa- 
tion of the magnets from the sensing 
wires is only a few thousandths of an 
—_ inch. There are no wired connections 
Ys all between coordinate wires of the ac- 
> anda grid or between the grid and the 
hel permanent magnet memory—their in- 
sent teraction results from proximity alone. 
pared | 
of mo 
around | PRODUCTION DESIGN 


wrappi 
ith a The first step in the manufacture of 


t is past the Twistor-conductor grid is the 
‘rier wit P!eparation of the magnetic tape used 
in wrapping the copper carrier wire to 
form the Twistor. Molypermalloy wire 
‘ire along § first drawn to a diameter of approxi- 
ela mately 0.001 inch then roll-flattened 
1 is ma? tape 0.0035 inch wide by 0.0003 
inch thick. A specially designed test 
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).060 in 
Mylar f set continuously checks the magnetic 
is fold quality of the wire, allowing identifi- 







@ “tion of that part of the product which 
could cause faulty operation. 
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Type 3173 * 
7%" dia. rotary 


Type 2064 
dual-element 
rectangular 
rectilinear 









































H 3033 
1%." dia. rotary 


MARKITE 
CONDUCTIVE 
PLASTIC 


POTENTIOMETERS 


When the ultimate in quality and reliability is required . . . when 
there is no time for standby or interruptions . . . no room for com- 
ponent value variations . . . no tolerance of failure—then it’s high 
time to specify MARKITE precision potentiometers. Here are only 
a few reasons why they provide performance beyond the expected: 


e Linear stability for more than 50 million cycles © Substantially infinite 
resolution ©. Independent linearity to 0.05% in 15/\¢ dia. units and 0.01% 
in 5” dia. units © Operation in ambient temperatures up to 200° C 
e Shock and acceleration resistance in excess of 100g ® Rotational 
speeds up to 1,000 rpm © Meet Military Specifications 


Write for Design Data and Catalog for Rotary 
and Rectilinear Potentiometers. 


MARKIE 





CORPORATION 
155 Waverly Place New York 14, N. Y. 


* 
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LIGHT WEIGHT 


ONE OUNCE MAX. 


SMALL SIZE 


ONE CUBIC INCH MAX. 


MINIATURE 
PRESSURE 


TRANSDUCER 
FROM COLVIN 


Actual Size 
1” dia. x 1” long 


This new model of the Colvin Minia- 
ture Pressure Transducer Series 401 
has all the outstanding features of 
the first model — plus a 50% reduc- 
tion in weight. 


High vibration performance 
__+35G to 5,000 cps 


Pressure ranges 
Absolute, differential and 
gage pressures 
0-3 to 0-400 psi 
Differential pressures 
____—_—+3 to +200 psi 
Standard Nominal Potentiometer 
Resistances 
400 to 10,000 ohms 


Electrical Connecties 
Pigmy receptacle or 
soldering terminals 

Mounting 
_Flange or bulkhead 














Write for complete information. 


COLVIN 


LABORATORIES, INC. 
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| H. L. Stadler and D. G. Clemons, Kell ‘telephone Laboratories, discuss basic co 


ponents of the Magnet-Twistor memory module, developed by Western Electr 
and Bell Laboratories. A partially assembled modu!e is in the foreground, with 


completed unit behind it. 


The wrapping process required a 
development program of its own. A 
machine had to be designed which took 
into account the low strength of the 
materials involved, yet would wrap the 
tape about 3 mil (40 AWG) carrier 
wire quickly with a high degree of 
uniformity. High uniformity is neces- 
sary to minimize variation in the mag- 
netic characteristics of the final as- 
sembly. An output of 300 feet of 
Twistor per hour is possible with the 
machines now in use. With a 45° helix, 
this requires 1,140 turns of tape per 
foot of carrier wire or a speed of 5,700 
rpm for the wrapping head. 

Drawing permalloy tape to these 
small dimensions and then applying it 
in helical form were significant “firsts” 
in this development. 

Twenty-six pairs of Twistor-return 
wires are then laminated between 
sheets of Mylar tape. These wire pairs 
are positioned on 0.100 inch centers 
across the width of the tape; the sepa- 
ration between a Twistor and its as- 
sociated return wire is 0.020 inch. A 
memory module is built by interweav- 


ing the Twistor tape, the copper “won 
coils” and the plastic magnet cards. 
array of tiny transformers is made, o 
connected to each “word coil” of t 
module. A registration mechanism ij 
sures that the magnets on any progr 
card are aligned over the proper | 
position. The unit is assembled into 
compact, mechanically rugged packag 

A special test set, which is ess¢i 
tially a computer in itself, was requitt 
because of the complexity of the moi 
ule and the variety of conditions und 
which the memory module might } 
required to operate. 

The Twistor got its name from eall 
work by A. H. Bobeck of Bell Labon 


tories, who showed that a wire wil 


a twisted magnetization could | 
switched by either current flowil 
down the wire or by current flowi 
down another wire perpendicular 
it. If such wires were then woven imi 
a grid with plain copper wires, # 
intersections could be used to sto 
bits of information in a temporary cot 
puter memory. 
Circle No. 115 on Inquiry Card 
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Only VALCOR 
makes solenoid valves 


*DuPont Company 
registered trademark. 


Now, from the company that pioneered the use of Nylon and PVC in solenoid valves for corrosive 
service, comes a solenoid valve with a molded body and diaphragm of Teflon that is chemically 
inert and corrosion-resistant to virtually any corrosive medium you are now using. 


Valcor solenoid valves made of all Teflon are ideal for critically corrosive applications and where long 
life is essential. They will outlast and outperform steel. Available in a variety of sizes and pressure 
ratings. Stocked for immediate delivery. Write today for complete technical data. 


NAA /]/4 NALCOR ENGINEERING CORP. 


SOLENOID VALVES 5374 Carnegie Ave., Kenilworth, N. J. *« CHestnut 5-1665 
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—these construction 
features assure 
exceptional reliability: 








Positive sealing. Advance’s use of induction re 


heating cuts rejects from faulty soldering to a 
negligible figure. Soldering is accomplished at High-speed translator and editor sys- 
high speed, hence damage to the relay due to tem compresses an input of analog | 
heat transfer is eliminated. voltage data into a computer-compat- 


RADIFLO testing for leakage is used to detect ible digital magnetic tape recording of | 


only significant data. Input can be 
direct from any number of channels, or 
from analog magnetic tape recording. 
RIQAP program approval. Under RIQAP, the To save time and tape if a recording 


leaks as small as 10-8 cc /sec. All relays that pass 
this test will function after long shelf life. 


Signal Corps constantly checks Advance’s qual- input is chosen, playback speed is a 
ity control and inspection, to insure military maximum of 100 times recording speed. 
standards of reliability for all Advance cnets Signal frequency is a maximum of 600 
ers, both military and indent” cycles per second. 


RELAY mv 7035 The system recognizes and digitizes | 
AN , _ | only during defined voltage peaks, 
pement oO bands, or zones which are established 
by mathematical criteria. The design 
takes a unique approach to analog-to- | 
digital conversion by digitizing the 
data before the system performs its | 
other functions. This eliminates inac- 
curacies or ambiguities typical of ana- 













eee 






































Coil resistance: Available in 7 values, from 30 log data. A maximum of 10,000 sam- 
Nee Ty —_. i ples/sec. can be digitized. 

ock: ’s for milliseconds. : 
Vibration: 10 to 34 cycles per second at A magnetic core buffer storage holds 


_aiiimetnmatinnen ot 3A”. analog signals to allow time necessary 


34 to 2000 cps 20 G’s acceler- for digitizing and to make possible an “—" re 

ation. tw uninterrupted synchronized flow of availal 
Operating power: ae 250 milliwatts | digital data, even though the input of stainle 
Contact rating: 2 amps resistive at 32 VDC or | 2Malog signals may vary. _ — 
115 VAC. Time reference information and mea- to 3.34¢ 

Life: 100,000 operations minimum surement identification codes added to — 
Weight: = 2 peng the tape during the analog phase make ar 
Size: Th” high x 5'4” wide x 23/4” it easy to reconstruct the signals in beace 1 
deep. such a manner that the data can be age 

treated mathematically as though all format 

channels were instantaneously and neering 





simultaneously sampled at a defined 


time and interval. —— 
ELGIN-ADVANCE RELAYS |... ‘be 
can be translated and edited by the 

A PRODUCT OF ELECTRONICS DIVISION system. Consolidated Electrodynamics, } for peyien 


ELGIN NATIONAL WATCH COMPANY Pasadena, Cal. 
2435 NO. NAOMI ST., BURBANK, CALIF. 
Circle No. 100 on Inquiry Card 
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“T” retainer bearings are 
available in chrome or 
Stainless steel, open or 
shielded, from .5000” O.D. 
to 3.3465” O.D. in standard 
widths. Also available: 
extra- wide shielded sizes 
with increased lubricant 
space for still longer life. 
For complete technical in- 
formation write for Engi- 
neering Data Sheet T-1. 
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BARDEN ‘T” retainer 
combines aluminum and phenolic 


for greater strength, superior performance 






Doubles bearing life in high speed applications 


Power tools, gyro rotors, aircraft and missile accessories and other high speed applications 
require bearings that combine high load capacity and endurance at speed. To meet these 
exacting demands, Barden developed the “T” ball retainer which combines the advantages 
of phenolic with the strength of aluminum. 


The two-piece “T” retainer has laminated phenolic center sections bonded to high-strength 
aluminum alloy side plates. It is securely joined by body-bound rivets tightly headed against 
metal at both ends. The retainer’s thin cross section permits maximum exposure of balls and 
raceways to lubricant. Outer ring piloting provides optimum lubricant circulation. 


These features, together with high load capacity, result in longer, trouble-free bearing life. 
For example, double shielded, grease lubricated “T” retainer bearings have operated con- 
tinuously in textile spindles for more than 18,000 hours at 30,000 RPM. 

Like other Barden advances in engineering and manufacturing, “T” retainer bearings solve 
a specific performance problem. Other Barden Precision ball bearings satisfy such extreme 
demands as: 





e High temperatures (to above 400° F.) 

e High speeds (to over 300,000 RPM) 
The complete Barden line includes sizes from .0469” bore to over 3” O.D., all manufactured 
to Barden Precision standards of dimensional accuracy, uniformity and reliability. Refer to 
Sweet’s Product Design File (8h/Ba) for Barden catalog and bearing selection guide. 


@ Low torque (to 10 dyne-cm. for 2 Ib. load) 
@ Concentric rotation (to .0000S” max. T.I.R.) 





brreavitty....peety BARDEN fag PRECISION BALL BEARINGS 


THE BARDEN CORPORATION, 206 Park Avenue, Danbury, Connecticut 
Western office: 3850 Wilshire Boulevard, Los Angeles 5, California 
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when you're engineering for 


highost Preciion 


a 
tare, 


you'll be wise to specify: 





MAGNETIC CLUTCHES AND BRAKES 


A comprehensive series of components having proven perform- 
ance characteristics, featuring fast and dependable re- 
positive engagement and disengagement . 

. low inertia and high 


sponse... 
rugged design, stationary coils . . 
torque. Both crown and tooth friction types. 


Available from stock . . . single-ended, double-ended and 


single-pole, double-throw in a variety of case sizes. 


DESIGN * PROTOTYPING * PRODUCTION 
BY USING REEVES SERVO-MECHANICAL PARTS 


Magnetic Clutches are only one prod- 
uct in the COMPLETE Reeves Series 
of high-precision Servo-Mechanical 
Parts, recognized by engineers as an 
industry standard for highest accuracy 
and reliability. 

If you do not have the catalog, write 
for Data File No. 403. 















Visit our Booths 1305-1307 1.R.E. Show 
N. Y. Coliseum « March 21-24 
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DIGITAL READING OSCILLOSCOPE 


Scope-Output Can Be Fed Directly To Digital 
Equipment For Recording Or Data Analysis 


Incorporating a unique digital readout system, a new high 
frequency oscilloscope is said to be the fiirst to be classed 
as an analog to digital converter. As a result of direct read. 
ing, accuracy is increased because the possible errors in 
interpolating and converting mathematically have been! 
greatly reduced. Repeatability of accurate readings pro 
vides a new dimension in scientific measurement tech. 





niques. According to the Allen B. DuMont Labs., the read-? 
out eliminates countless man-hours normally consumed in! 
measuring, reading and interpolating the standard visual’ 
signals from the face of the scope. DuMont estimates that | 
up to 40% of all engineering time, where the use of an! 
oscilloscope was required, was devoted to either reading’ 
or interpolating of waveform patterns. ' 
Two, 40-pin connector plugs coded in a ten-line arrange | 
ment for each digit provides for printing remotely on ac 
cessory equipment or relaying the information to a com-/ 
puter via punches cards or tape. An analog voltage propor! 
tional to the digital readings may be introduced directly! 
into an analog computer or pen writing recorder. 
Direct numerical readout also makes it possible for un- 
skilled production workers to use oscilloscopes in produc-| 
tion control processes. After an original set-up by an) 
engineer, the operator can read the amplitude and time 
measurements as actual digits on the scope panel. 





Fig. 1 Digital reading DuMont oscilloscope. Direct numer) 


ical portrayal of time and amplitude is accomplished through 
the manipulation of two measuring dots on the face of the 
scope which are moved by joy stick controls and thumb 
wheels so that they are aligned with the waveform presenta 
tion being studied. By standardizing dot position, repeatable 
measurements, within an accuracy of 2%, can be applied 
to peak-to-peak voltage investigations as well as studies of 
instantaneous voltages with respect to ground, rise and fall 
times, elapsed times, repetition times, or frequency, an¢} 
phase angles between two identical waveforms. 
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Fig. 2 Modular construction of the DuMont oscilloscope is 
a protection against prolonged down-time and obsolesence 
where higher performance, improved techniques are de- 
manded. Shown are the main frame (top, center) which 
contains the digital readout front pane) and circuits and 
the other modules including: (from left to right) the low 
voltage power supply, the distributed amplifier, the cathode- 
ray tube, the cathode-ray tube shield, the bezel, the Y and 
X plug-ins, the sweep chassis circuits and the high voltage 
power supply. All modules are detachable by means of 
screws and pin connectors. The distributed amplifier was de- 
signed with a canted tube alignment to minimize coupling. 
Whereas some oscilloscopes are engineered for one plug-in 
amplifier, the new unit automatically permits a higher ver- 
satility of operation with a second plug-in cavity. DuMont 
is designing additional plug-in units that can be employed in 
the second cavity that will actually make it possible for the 
instrument to be incorporated in almost any production, 
electronic, or automated system. 





DIGITAL READOUT SYSTEM 


On the face of the instrument, six thumb wheels and a joy 
stick positioner control are employed to traverse two dis- 
play dots across the face of the cathode-ray screen. The 
two dots are moved in unison by the joy stick or index 
positioning control. When one dot—the indexing dot—is 
positioned on a reference part of the waveform, the two 
thumb wheels sets (horizontal and vertical) are then used 
to move the second (scaling) dot to the other position on 
the trace where the measurement is to be taken. The thumb 
wheels, while moving the scaling dot, also control the 
digital display, and wheh the two dots are positioned, exact 
amplitude and time are read directly in volts, seconds, 
milliseconds or microseconds. The reading eliminates the 
need for any dial multiplication, interpolation and parallax 
adjustment, and is reputed to be far more accurate than 
any human measurement. 

Measurement of rise time is modernized by the digital 
system through the use of a pushbutton on the face of the 
panel, which, when activated, will move the indexing dot 
up 10% and the scaling dot down 10% of the total ampli- 
tude. Original settings are not affected, and according to 
DuMont, rise time readings may be achieved without inter- 
polation and with a highly accurate degree of repeatability. 

Basic unit consists of five modules which may be inter- 
changed: low voltage power supply; distributed amplifier; 
X chassis circuit; main frame; and high voltage power 
supply. Cathode-ray tube has 12,000 volts for overall ac- 
celeration and the scope operates from d-c to over 60 meg- 
acycles (down 3db at 35mc). Two plug-ins permit versa- 
tile operation in the Y and X amplifiers and in the delaying 
sweep field. 
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Arent 
You. 
Entitled. 

tothe 
Bet ? 


If you were a doctor, you wouldn't use a cheap stethoscope. 
If you were a violinist, you wouldn't think of playing a 
concert on a scratchy fiddle. 





As a man of standing in your profession—you, too, 
are entitled to the best. It doesn’t make sense to settle 
for a cheap lead holder, the most important, the most used 
tool in your profession, whether you are an engineer, 
designer, draftsman or architect. 


A.W.Faber Locktite 9800 is not a luxury. It is a neces- 
sity. It is the ultimate means by which you translate your 
creative skills. It is the bedrock of your ability, the criterion 
of your worth—the direct influence of your livelihood—and 
the index of your future success. In the light of these 
values, can you afford to use a less-than-best lead holder? 


Only Locktite 9800 has all of these exclusive advantages: 
e Long tapered spiral metal grip that reduces finger fatigue. 

e Gun-rifled clutch that grips the lead like a bulldog. 

e TEL-A-GRADE indicator which instantly shows degree of lead inwise. 
Plus perfect balance and featherweight lightness. 


Try Locktite, buy Locktite 9800 today, the top quality lead holder backed by 
two centuries of experience. 
FULLY GUARANTEED! 
If it ever happens, that any part of a LOCKTITE 
Holder breaks in normal usage, the entire 
holder will be replaced free of charge. 


#9030 Imported CASTELL Black Gold Refill Leads fit any standard 
holder. Perfectly mated with LOCKTITE. Sold by all good Dealers, 


A.W.Faber-Castell Pencii Co., Inc., Newark 3, N. J. 


ST 
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PRINTED CIRCUIT LAYOUT 


New Method Cuts Cost And Time 


In preparing printed circuit layouts, General Electric’s 
Heavy Military Electronics Dept., Syracuse, New York, has 
been using the usual inking and taping methods. Although 
results were satisfactory for early printed circuit work, 
taping could not be relied upon to meet standards required 
for new, highly specialized circuits. 

A new system, developed in cooperation with the Keuffel 
and Esser Co., Hoboken, N. J., incorporates three new 
techniques: specially designed scribing instruments; a scribe 
coat, Mylar polyester-base film called Stabilene; and a 
photographic, peel-coat variety of the same film. 

Briefly, this is how the system works: 

@ Standard circuitry is scribed on scribe-coat Mylar poly- 
ester base Stabilene film. This is called the scribe master. 
@ The photographic peel-coat Stabilene film is exposed to 
the scribe master. This produces a line image on the photo 
emulsion layer of the sheet. The area between each trans- 
lucent line, not the line itself, is actually the circuit path 
desired. 

@ While in the developer, these image lines are eaten 
away down to the peel-coat layer. 

@ The sheet is then wiped with an alcohol dampened 
cloth, further dissolving the image lines through the peel- 
coat layer and down to the Mylar base. Valleys two layers 
deep result. 

@ The photo emulsion layer of the sheet is then washed 
away in a Clorox bath leaving valleys now only in the 
peel-coat. 

@ Finally, the coating between each translucent line is 


Advanced Techniques in Printed Circuitry 





peeled away leaving finished circuit paths. This final master | 


and file copy can be further reprinted. 

The steel alloy points of the new scribe tools are made 
in graduated widths and cut extremely sharp, precise lines. 
The use of constant-width scribe points in turn eliminates 
minute variations in circuit line widths that were often 
encountered in pen and ink work, where the amount of 
ink in a pen can alter the line thickness and clarity. The 





Stabilene film on which the scribing is done contains grid — 
lines for accurate positioning of the board element. The | 
film permits precise reproduction and maintains constant § 
line character under extreme temperature and atmospheric | 


conditions. 
The new system eliminates opaquing and makes the 


usual inking and taping methods virtually obsolete for © 


preparing large numbers of complex printed circuit layouts, 
The scribing method is especially suited to jobs requiring 
irregular shapes, long runs, and complex grounding and 
shielding to separate high frequency leads from one an- 
other. 


In addition to its high degree of accuracy and flexibility, / 
this new scribing method can cut cost and time. Optimum © 


use can be made of the board area since the width and 
length of runs, as well as pad, (connection) sizes are not 
limited by standard tape sizes. Using specially formulated 
fluids, drawing changes can be made easily during any 


one of the three steps: the original scribed layout, peel-coat | 


negative (intermediate step), or the final layout. An addi- 
tional advantage of this new method is that the printed 
circuit masters can be made in either position or negative 
form, depending on which surface is to be stripped off. 
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AUTOMATED SOLDERING PROCESS 


Process Geared To Volume Production 

Also Useful For Short Batch Runs 

Systems designed for fast, low cost volume production 
sometimes provide improved product reliability sufficient 
to warrant their use for short batch operation. 

Such is the case with an integrated soldering system, 
designed by Electrovert, Inc., New York, to provide fast, 
higher quality soldering of printed circuit boards or other 
electronic and machine component assemblies. Product 
conveying flux application, solvent removal, flux and board 
preheating and soldering are completely integrated into 
one automated system, called Flowsolder. Kearfott 
Co., Inc., New Jersey, installed this system for short batch 
operation because it offered greater joint uniformity and 
positive soldering. The system practically eliminated cold 
joints, unsoldered joints, etc. and has brought about a 
reduction of rejects. Mr. Kaplan, Senior Project Engineer, 
of Kearfott stated that “One of the main advantages of 
the Flowsolder unit for our operation is its excellent heat 
control. It allows positive control of soldering temperatures 
without damage to the heat sensitive components we at- 
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tach to the printed circuit boards. Using properly prepared 


boards with this unit, all connections are soldered because 
they must all pass through a solder wave.” 

Operational speed was not a major factor in Kearfott’s 
selection of the Flowsolder unit. The main concern was 
joint reliability and reduced rejects. However, they are 
benefiting from the faster automated processing. They 
estimate that a good hand-soldered board would require 
about 20 to 30 seconds of an operator’s time per joint to 
produce joints acceptable under military specs. For exam- 
ple, a board with 50 joints, would require about 1000 
seconds (17 minutes) to be hand-soldered. The automated 
process would allow soldering each such board in 2 to $ 
seconds. To this time a 50-second “set-up” time should be 
added, during which the operator applies flux to the board, 
sets the board into its holder and starts the conveyor. The 
total time per board, by the Flowsolder method, is about 
one minute. 
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Fig. 1 Specially designed scribing instruments equipped 
with unique spring-type shock absorbers are used to “out- 
line” circuit paths and connection pads. These devices main- 
tain precise accuracy on curved as well as straight lines. 





Fig. 2—After the scribe master has been processed photo- 
graphically, the film coating between each translucent line 
is peeled away, leaving the finished circuit paths and con- 
nection pads. 














Fig. 1 The Flowsolder system. The operator places carrier 
and board on the Flowsolder Production Line conveyor 
track. From here, the board passes along the transfer mech- 
anism at controlled speeds ranging from 1 to 15 feet per 
minute. A single pass of the board through the flux wave 
applicator will be sufficient to deposit a uniform film of 
liquid flux on the bottom surface of the board. The wash- 
ing movement of the flux wave promotes capillary action, 
a'lowing improved fluxing of all types of boards, including 
those with plated-through holes, eyelets and tubular rivets. 
After fluxing, the board travels over the infra-red heating 
unit where the flux solvent is driven off and the flux action 
initiated. Preheating prior to the soldering operation re- 
duces thermal shock and resultant warpage of boards. In 
addition, pre-heating of the boards reduces rate of cooling 
after soldering, eliminating “icicling’’ which results when 
excess solder coo's before it can drain from the boards. 
When the board contacts the smooth, constantly moving 
solder wave it meets ideal soldering conditions. The surfaces 
to be joined are actually “wetted better” as a result of the 
improved fluxing action. More uniform soldering tempera- 
tures are possible because of the constant renewal of prop- 
erly heated molten metal at the wave crest and smaller 
board areas in contact with the wave at any one time (two 
inches maximum length). There are no dross or oxide prob- 
lems to cause faulty connections because the constantly mov- 
ing wave is drawing fresh, oxide-free metal from deep within 
the solder pot. 
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SOUTHWEST 


re a 
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SELF-ALIGNING 
BEARINGS 


PATENTED U.S.A. 
All World Rights Reserved 





CHARACTERISTICS 


RECOMMENDED USE 
For types operating under high 


ANALYSIS 


temperature (800-1200 
degrees F.). 


For types operating under 


1 Stainless Steel Ball 
and Race 


2 Chrome Alloy Steel 


ie ae tet high radial ultimate loads 


(3000-893,000 Ibs.). 


For types operating under 
normal loads with minimum 
friction requirements. 


3 frome serien | 
Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No. 551. Address Dept. EMD-60 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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DETERMINING THE THERMOELASTIC 
PROPERTIES OF METALS 


Two Simple Dynamic Tests 


Elevated temperatures attained in modern aircraft and mis} 
sile applications have created a need for metal springs that? 
maintain stable deflection characteristics over a wide range} 
of environmental conditions. However, to design alloys for 
these springs, basic data are necessary on the elastic con-/ 
stants of materials suitable for spring fabrication. t 

The National Bureau of Standards has adapted two} 
simple dynamic techniques to the determination of the ther-/ 
moelastic properties of metals and alloys. One method uses’ 
a pendulum assembly to test wire specimens, and the other,’ 
a sonic vibration apparatus for rods and prisms. 





g 


PENDULUM ASSEMBLY é 
The equipment used in the pendulum method consists of an} 
oven, photoelectric cell and lamp, timer, counter, and elec.) 
tronic temperature recorder. A frame about the oven sup | 
ports a 3-foot long, 0.5-in. diameter steel rod that extends} 
vertically through a hole in the top of the oven into the heat/ 
chamber. The wire specimen is suspended from a chuck on) 
the lower end of the rod. Another chuck, firmly fixed to a 
6-in. diameter brass disk, grips the lower end of the speci-} 
men. When a small amount of twist is applied with a start-/ 
ing arm fitted to the upper portion of the rod, the pendulum | 
oscillates about the axis of the specimen. 

The photoelectric cell and lamp, mounted just outside| 
the rear of the oven, are aligned with two holes in the oven | 
wall. Once in each half cycle of oscillation, light from the? 


lamp strikes a small mirror attached to the pendulum assem-} 


bly, and is reflected back to the cell. The cell. thus ener-| 
gized, operates the counter and timer until a predetermined! 
number of oscillations is registered. The shear modulus of 


the wire is then computed from the resonant frequency de} 


rived for the specimen and the dimensions and masses of 
the pendulum assembly. Frequency range of this test is 
from a fraction of a cycle to 10 cycles per second. Test tem- 
peratures up to 525° F are shown on the temperature 
recorder. 


SONIC VIBRATION TECHNIQUE 


In the sonic vibration method, either a rod or a rectangulat 
prismatic bar specimen, approximately 6 in. long, is sus 
pended from an electromagnetic driver by two asbestos 
strings and enclosed in a furnace which operates at temper 
tures up to 1,000° F. The specimen is excited to its reso 
nant frequency by the driver and a variable audio oscilla 
tor. A crystal pickup detects the vibrations which are shown 
as an expanded wave on a cathode ray oscilloscope. The 
frequency of the oscillator is then adjusted to the frequency 
of the specimen, indicated by the amplitude of the oscillo 
scope trace, and this adjusted frequency is measured with 
an electronic events-per-unit-time counter. 

From the measurements thus obtained, Young’s modulus 
can be computed for rod specimens. In using the apparatus 
for tests on rectangular prismatic bar specimens, the prisms 
can be made to vibrate either in tension or torsion, so that 
both Young’s modulus and the shear modulus may be deter 
mined without changing the mode of suspension. 
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Electrically Exploded Wires 


Based on a year-long study, Electro-Optical Systems, Inc., 
of Pasadena, Cal., proposes a variety of new applications 
for electrically exploded wires. Key to these applications 
lies in the technique of switching tremendous amounts of 
current into thin wires in millimicrosecond time. This fast 
switching capability evolved from work done at Electro- 
Optical Systems in the development of its 5 millimicrosec- 
ond Kerr Cell camera. The method allows many times the 
material's vaporization energy to be dumped into the wire, 
creating temperatures above 100,000° C and pressures in 
the megabar range. Specific impulses of 1000 seconds have 
been achieved in an exploding aluminum wire, and a 1000 
to 5000 second range appears possible. Other types of wire 
used in the experiments have included iron, copper, gold, 
silver, nickel, tungsten, molybdenum, tin, titanium, zinc and 
cadmium. 

Wire dimensions are 1 mil in diameter and about 1/4 of 
an inch in length. A capacitor of .002 and .02 microfarads 
charged to 10 to 20 kilovolts is suddenly discharged into 
the wire where the entire circuit inductance varies from 0.1 
to 0.03 microhenrys. Voltage is switched across the wire in 
about 7 millimicroseconds and currents of several thousand 
amperes flow into the wire before it explodes. Vaporization 
processes typically take place in 50 to 100 millimicroseconds. 
Actual switching of these tremendous currents is triggered 
first by a hydrogen thyraton, a fast switch which activates a 
trigatron (triggered air spark gap) that dumps the current 
into the wire. 

Impulses obtained by explosion of a wire or film could 
provide a space vehicle with 2 to 10 times the specific im- 
pulse presently obtained by chemical means. This method 
would provide a better thrust-power consumption ratio than 
many currently proposed electrical propulsion systems. 

Exploding wire phenomena may also provide an answer 
to the problem of obtaining hypervelocities on a laboratory 
scale for high speed impact studies. Dense vapor or plasma 
produced by exploded wire possesses impact characteristics 
similar to solid materials and could be accelerated to 20 to 
30 kilometers per second. 

Explosion of tungsten wire has provided interesting possi- 
bilities for use in space communications, as well as terrestrial 
searchlight operations. Surface temperatures of 5,000 de- 
grees centigrade, coupled with superheated interior, would 
give such a light source excellent visibility and large light 
output. 

Electro-Optical Systems has placed great emphasis upon 
advanced instrumentation techniques in the exploding wire 
program and is believed to be the first to simultaneously 
record measurement of both voltage and current across the 
wire with resolution to a billionth of a second, enabling 
them to determine power and energy input, as well as re- 
sistance. 
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WORTH FILING 
Precious Metal Electroplating 


Complete up-to-date information on methods, operations, 
and specifications involved in precious metal electroplating 
is contained in a series of papers. Physical and electrical 
properties, suggested formulations and preparations of 
precious metals such as industrial gold, rhodium, palladium, 
silver and platinum are given. 

Source: Technic, Inc. 

Providence, Rhode Island 

For your copy: Circle No. 231 on Inquiry Card. 
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will this solve 
your motor problem? 


Carter ‘Classic’ f.h.p. GEARMOTOR 
10 single and double reduction models, 
10 to 750 r.p.m., 1 to 4 lb. in. torque. 
Universal, shunt or series motors 12 v. 
to 220 v. input. Size 6 x 37; x 334” 


Governor available. Prompt delivery. 
Liberal O. E. M. discounts. 


Write for 
Prices and 
Specifications 


« 


CARTER 





2798 W. George St. Chicago 18 
Phone JUniper 8-7701 


Sales Officesin, Principal Cities 
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THE SMALLEST ROTARY SWITCH 
EVER MADE! 


Daven’s New Series G Sub-Miniature Switch, 1/2’ Diameter! 


A new sub-miniature rotary selector switch, developed by DAVEN, is 
specifically suited for application in missiles, aircraft, handy talkies, 
field pack sets, frog-man communication equipment, and all types 
of mobile apparatus. This explosion-proof, waterproof switch has the 
same reliability as its bigger brothers... butin a fraction of the space. 
It meets applicable military specifications on temperature, humidity, 
corrosion, vibration, acceleration, shock and immersion. 





This unit is available as a single pole, 10 position switch and can be 
obtained with up to four poles on a single deck. 


20 4-28 THREAD. 








iy i il Bae 
«DAVEN-. is - a 


LIVINGSTON, NEW JERSEY 








Write today for comprehensive technical report on the new 
Series G Sub-Miniature Rotary Switch. 
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SPACE OR WEIGHT puss 
LIMITATIONS? GUC 


Specify Local Mounted 
UE SKELETON TYPE 


TEMPERATURE CONTROLS 


UNITED ELECTRIC temperature controls are precision- 
built, compact and economical. Type B-52 was de- 
signed especially for controlling air temperatures 

. . Type C41 and C47 for liquid or hot plate 
temperatures . . . These controls are direct-immersion 
units designed for easy installation. 





Temperature Ranges Type C41 & C47 100° or 200° 
between 0° and 425° F limits. 
Type B52 calibrated 40° F spans 
between 30° and 120° F. 





Thermal Assemblies various immersion lengths . . . 
liquid-filled seamless brass _bel- 
lows operate by hydraulic action 





Switch Ratings 15 amps or 20 amps at 115 or 
230 volts A.C.; also D.C. switches 
available upon specification 


Switch Actions N.O., N.C., or Double Throw, 
no neutral position 








Electrical Connection attached directly to screw or 
solder terminals on switch 





Size & Weight approx. weight. . . 41/. 0z., 
approx, size... 374” x 2” x 
144,” 





Variations design vafiations available upon 
specification 








UNITED ELECTRIC manufactures a complete line of 
temperature, pressure and vacuum controls. For ap- 
plications requiring custom-built units or modified 
standard units, call upon a UE application engineer 
for recommendations. Write for complete specifica- 
tion and pricing data on the Type B52, Type C41 
or Type C47 local mounted temperature control, and 
for information regarding other United Electric 
temperature controls. 
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ELECTRON BEAM WELDING AND MACHINING | S| 


Precision Process Packs Energy Density 
of 600 Millions Watts Per Sq. Inch 


An instrument known as the Hamilton-Zeiss electron beam| 
machine can cut holes finer than a human hair through, a! 
surface-treat, melt or weld virtually every material know) 
today including tungsten and the exotic new metals. Le 
A typical installation comprises six basic elements: 
@ An electron gun which develops a precisely-controlled al 
beam of electrons of high-energy density. . 
@ A vacuum chamber and work table within the chambe 
on which the target is mounted. This includes vital equip. 


ment for extremely accurate positioning of the target. ES 
e@ A high-vacuum pumping system capable of creating 4 witl 
near-perfect vacuum (about four-millionths of an inch of eas’ 
mercury ). e Ss 
@ An electronic control system for manipulating the elec. e — 


tronic deflectors and lenses that control the size and pro 
gramming of the electron beam. 

@ A precisely-regulated high-voltage power supply. e] 
@ Miscellaneous monitoring instrumentation. 

Used as a welding machine, it handles, comfortably, stain- 
less steel producing T sections 60/1000s of an inch thick 
from sheet stock at a rate of two feet per minute. It will 
butt-weld 3/8” stainless steel at 1/3” per second, and has, 
in the laboratory, welded through one inch of stainless steel, 
It does this without distortion of the piece and with mini- 
mum grain growth in the weld area, the first because of the 
narrowness of the heat affected area (depth-width ratios a ———— 
high as 20 to 1), the second because of extremely rapid Nig 
heating and cooling (low total energy input to work piece), 

The flexibility of design and the precise focusing of the 
electron beam permit welding of complex shapes in hard-to- HIG 
weld metals. A major improvement in the welding of reac 


tor cores has been one of its major benefits. E L F 


MACHINING 





Electronics manufacturing appears to be a_ particularly 
promising area for the process because of the accelerated! 
development of super-miniaturization of electronic compo! 
nents. Some of these components require working with tod) 
diameters so small as to be unfeasible for mechanical proc! 
essing. When used for machining, the process permits crea) 
tion of accurate holes and slots in the hardest materials a) 
small as about 0.008 of an inch. ; 
Energy density during drilling runs as high as the equiva 
lent of 600 million watts per square inch. Even higher 
energy and density and much smaller holes and slots ary 
contemplated in the near future. Most of the energy used in) 
machining is dissipated as vaporization of the material ra- 
ther than into thermal heat, resulting in extremely low rela 
tive temperatures in the region adjacent to the machined 
area. For example, with a 11,000° F temperature at the Corr 
target point, a temperature of only 550° F is registered one cor 
micron away from the edge of the cut. sha 
The process may be controlled by electrical relays, or by 
complete electrical and mechanical automation. In the 
laboratory, paper tape, magnetic tape and television com) ,»....- 
trols have been used successfully. The machine is capable) ! 
of handling up to 10,000 jewel watch bearings in a load) 1 
drilling each one in about six seconds and showing remark! | ex 
i 
1S 








ably high beam efficiency of about 90 per cent. Hamilton 
Standards, Windsor Locks, Conn. 
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ROTARY 
SWITCHE 


with 


QUICK-CONNECT © 
TERMINALS 


ESCO 10 amp. Type P switches are now available 
with quick-connect terminals for 
easy installation or removal by snap-on wiring. 
e Standard quick-connect terminals 
‘ Electrical ratings 

10 amp. 125 va-c 5 amp. 125 vd-c 

5 amp. 240va-c 3 amp. 450 va-c 

@ ]to 8 poles; additional pole applications upon request 
e base mounting or panel mounting 
© supplied with snap or detent action 
For details write for Bulletin No. 20 today. 


ESCO ot WEYMOUTH 






ELECTRO SWITCH CORP. 
Weymouth (Boston 88), Massachusetts 
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NEW Fractional Horsepower Motor Handbook 


JUST PUBLISHED ...to help the machine designer select and 
service fractional horsepower motors. 


Here are 66 pages brimming with facts, figures and more than 
75 diagrams, tables, charts and illustrations, for the first time 
brought together in a single permanently bound book. 


Contents include (1) Application fundamentals, (2) Economics and 
special features, (3) Care and servicing, (4) A glossary of terms 
and definitions... plus 10 pages of reference material. 


NOW available at $1.00 per copy. Please send cash, check 
or money order only. 


BODINE ELECTRIC CO., 2530 W. Bradley Pl., Chicago 18, lil. 
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fractional / horsepower 


MOTORS 


...the power behind the leading products 








NEW FROM DIAL! 
HIGH CAPACITY 
ELECTROMAGNETIC CLUTCH 


for continuous slip application .. 


Available as single 
or double ended clutch, 
plate or servo mount. 


FEATURES: Sta- 
tionary armature, 
zero backlash, 
zero residual drag, 





complete release, epoxy potted coil assembly, 
compensates for angular 
shafts. 


misalignment of 


Send for Dial’s complete catalog of 
clutches, brakes, tension controls and 
flexible couplings. 














DIAL PRODUCTS CO. 


19 COTTAGE STREET 
BAYONNE, NEW JERSEY 
HEMLOCK 7-0720 
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We can say with confidence that Globe clutches and clutch 
brakes are the best that money can buy. In 7 years of produc- 
tion we have deliberately refined and simplified the design. 
Result: reliability, maximum performance and design freedom. 

Epoxy potted coil is moisture and vibration proof, stable to 
125° C. Precision ABEC 5 ball bearings are standard. 


PARAMETERS ENGAGEMENT TIME RELEASE TIME 
Standard Clutches it ” 2 14 ms. 2 ms.* 
Special Clutches ._ ie _4 ms. 2 ms.* 
Standard Clutch Brakes 14 ms. _ 14 ms. 
Special Clutch Brakes 5 ms. 5 ms. 
Special units with built-in loads, 
__ such as a potentiometer 4 ms. less than 1 ms. 


*when application requires 
In general, we can improve either engagement or release time, 
but not both together. Options include voltage choice, input- 
output shaft position choice. Because standard parts for Globe 
units are inventoried, and clutch design a specialty, you get 
prototypes within weeks! Inquire from the largest miniature 
motor manufacturer first. Globe Industries, Inc., 1784 Stanley 
Avenue, Dayton 4, Ohio. Telephone BAldwin 2-3741. 


GLOBE 


INDUSTRIES, 
INC. 


(7) Ee) = 3 = 
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You Get Things Done Better 
By Seeing What's Happening 
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BOARDMASTER VISUAL CONTROL 


* Gives Graphic Picture of 
Your Operations in Cclor. 

* Facts at a Glance — Saves 
Time and Prevents Errors. 

* A Simple, Flexible Tool — 
Easily Adapted to Your 
Needs. 


* Easy to Use. Type or Write 
on Cards, Snap on Board. 

* Ideal for Production, Sched- 
duling, Sales, Inventory, Etc. 

* Compact, Attractive. Made 
of Metal. 500,000 in Use. 


$4950 


24-Page ILLUSTRATED BOOKLET AK-30 
Without Obligation 


Complete Price Including Cards 


FREE 


GRAPHIC SYSTEMS, Yanceyville, North Carolina 
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Now Available! 


PRECISION 
CLASS Iall 
anti-BACKLASH 


GEARS 
Custom & Stock 


to your requirements 
1 or 1,000 


STOCK . . . Immediate Delivery 
CUSTOM . . . Approx. 3 weeks prototype 


STOCK SPECIFICATIONS 
Precision Class | and I! anti-backlash gears: ¥s” face width, 48, 
64, 72, 80, 96 or 120 diametrical pitch, 142° or 20° pressure 
angles, diameters from 5s" to 2”. Available in 24ST aluminum 
with solid or clamp type 303 S.S. hubs with choice of 0.125”, 
0.1875” or 0.250” bares. 


CUSTOM AB GEARS TO YOUR SPECS AND DRAWINGS 





















DYNACO 
E88 Catalog. Shows complete line & 
specs. on precision stock differentials 
and new, miniaturized line of precision 
stock gears. 


Send for supplements to 


GEAR CO. INC. 
AMITYVILLE, 
NEW YORK 
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MATERIALS 


NEW EPOXY RESINS 


Superior Strength And Stability 
At High Temperatures 





Differing from conventional epoxies in structure, reactivity | 
and end-properties, Food Machinery and Chemical Corp.'s? 
newly developed epoxies, called Oxiron, are polyfunctional, | 
showing unusual versatility for curing through multiple? 
epoxy and hydroxy groups and, uniquely, through double’ 
bonds. Oxiron resins appear to be well suited for a wide | 
range of applications and are expected to find use in such?! 
fields as insulation, lamination, molding, adhesives, and / 
coatings. They offer potential economies which should 
make them practical in many cases where, until now, 
epoxies have been excluded due to high costs. Cost ad- 
vantages result from the use of higher proportions of rela. | 
tively low-priced reactants and their lighter weight gives” 
greater volume per pound than conventional epoxy resins, | 
In addition, they differ greatly from conventional epoxies" 
in the way they cure, offering advantages in handling. 
Preferred curing agents for epoxies in insulating and 
encapsulating applications are anhydrides. The new epoxies 
react readily with anhydrides and combine excellent elec. 
trical properties with stability at high temperatures. Fur-! 
ther, they can be cured at relatively low temperatures, | 
thereby providing processing advantages and reducing the 
chance of thermal damage to electronic components. Ox- 
iron exhibits low shrinkage and low exotherm on cure. The 
latter is of major importance in large castings and lami- 
nates. The new resins will wet glass fibers readily and’ 
show good adhesion on cure. Laminates with excellent 
strength to weight ratio can be prepared under low pres-| 
sure in relatively short cure cycles. Oxiron polyamine cure | 
systems show long pot life, suggesting wet lay-up and) 
prepreg use with built-in storage ability. Combination 
peroxide-anhydride-glyco] cures give high heat-distortion- 
point resins. Flatness of the heat distortion curves of the! 
Oxiron resins means they're practical for use at tempera-/ 
tures ranging far above the heat distortion point itself. 


ORDA ERE OT 


Another significant characteristic of the new epoxies is} 


excellent adhesion to surfaces. Presence of multi-functional 


Torr or "Vy "ey 





Fig. 1 Test of high temperature performance of the new 
resins. Heating in an oven at 210°C produces sag in a test 
bar of conventional epoxy resins (right). Oxiron 2000, is 
unchanged. This ability to withstand loads in high ambient 
temperatures is expected to be particularly valuable in the 
electronic aircraft and missile applications. The weights are 


100mg. 


ELECTROMECHANICAL DESIGN 
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Fig. 2 New epoxies show excellent chemical resistance. 
One of the aluminum strips (left) has a thin flexible coat- 
ing of cured Oxiron epoxy resin, the other is uncoated. Re- 
agent is 25% hydrochloric acid. A transparent coating of 
Oxiron will protect metal from the ravages of acid, caustics, 
and moisture for long periods. In this test the rough edges, 
which are difficult to coat, were the first to show signs 
of attack. 


groups within the structure provide versatility of cure, 
thus opening avenues to improved adhesive formulations. 
Resins are reactive to phenol formaldehyde resins as well 
as polyhydric phenols and provide opportunities of up- 
grading adhesives of this type. 

Oxiron resins are also of interest for protective coating 
applications. They may be used alone or in conjunction 
with phenol formaldehyde or nitrogen resins, or through 
conversion of resin esters. 

Circle No. 105 on Inquiry Card 





Phenolic Molding Compound 


Featuring a heat distortion point of over 500°F., a new 
asbestos-reinforced phenolic molding compound has been 
developed primarily for gears, electrical switchgear and 
control parts. New compound combines an impact strength 
of 2.5 average (ft. Ibs./in. of notch) with a compressive 
strength of 12,000 psi, a tensile strength of 6,000 psi and 
a compressive strength of 22,000 psi (all average values). 
The reinforced phenolic molds to a high luster finish with a 
mold shrink of only .001”/inch. Rogers Corp., Rogers, 
Conn. 
Circle No. 242 on Inquiry Card. 


Class F Insulating Varnish 


A new grade of clear insulating varnish that meets all re- 
quirements for Class F applications is a modified polyester 
tesin-base material that withstands temperatures up to 
155°C and can be used with any Class F magnet wire. Cost 
of the new varnish is about that for varnishes for Class A 
applications. As the varnish cures it becomes a tough, flexi- 
ble coating that provides high dielectric strength and good 
adhesion and is highly resistant to moisture, oil and acids. 
Westinghouse Electric Corp., Pittsburgh, Pa. 
Circle No. 239 on Inquiry Card 
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New Flip-Loc Fastener 
WORLD’S FASTEST LINE CLAMP 


Cuts 
Costs’80* = 
e Self-contained 


SAVES YOU TIME AND MONEY IN THESE WAYS <z 
+ | 
Sh Z| 


1. Cuts installation time 










2. Cuts maintenance and inspection time 
3. Cuts costly clamp replacement 
4. Offers extra strength for heavier loads 


The FLIP-LOC is a brand new TA exclusive. 
It is a completely self-contained fastener. You 
can open and close it quickly with just one 
hand. Integrated hinge makes the clamp 
stress-free, trouble-free, and simple to use. 
Made of 321 stainless steel, the Flip-Loc is 
available in your choice of insulator cushion 
liners: Neoprene rubber (general purpose), 
AW (aromatic fuel and weather resistant), 
and corrugated stainless (extreme high tem- 
perature). The Flip-Loc is available in sizes 
from % to 6” in diameter. 





\ That's all there is to it H ) 
f- — - 
Write for free literature which describes the 
new TA Flip-Loc in detail. 







Write for free Engineer- 
ing Design Manual. 
Bulletin 210G (94 pages) 
shows hundreds of 


TAR Mfg. Corp. 


4607 Alger Street * Los Angeles 39, Calif. 
(or call CH 5-3748) 
TWX 9863 Glendale, Calif. - WUX CAT Los Angeles, Calif 


standard clamps for 
almost any harnessing 
application. 
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MINIATURE 
AGASTAT’ 


time /delay/relay 


MEASURES ONLY 
4’x1Y"x1”" 


The Miniature Agastat time delay relay is a space-saving 
answer to aircraft, missile and computer problems. You get 
all these valuable features in one small package: 


Easily adjusted timing ranges as short as .030 seconds. 
Repeat accuracy of + 5%. 


For DC or AC operation. 


@ 

® 

@ Time delay on energizing or de-energizing. 

e 

@ Hermetically sealed or dust-proof housings. 
Write today for the full details on the new miniature 
Agastat. Dept. A36-34. 


rey." ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 Rewask Avenss, Elizabeth, N. J. 





Gasaccumulator Co., (Canada) Ltd., 12 Gower Street, Toronto 16, Ontario 
CIRCLE NO. 40 ON INQUIRY CARD 
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3 new Sorensen transistorized 
d-c supplies can solve your lab, 
production and design problems 


In the Sorensen ‘‘Q”’ Series, you can 
select from the most complete line of 
fully transistorized, highly regulated 
low-voltage d-c supplies on the market: 
QR-Nobatrons, (shown above, left) with 
output continuously adjustable down to 
zero volts, are ideal for labs or wherever 
maximum flexibility is required. Two 
models, QR36-4A and QR75-2, put out 
respectively 0-36V at up to 4 amps and 
0-75V at 2 amps. Regulation of QR36- 
4A is +0.025% or 4 MV for combined 
line and load variations. Input: 115vac 
50-400 cps available for either bench 
or rack-panel (514 x 19”) use. 


Q-Nobatrons®, with 2:1 adjustable out- 
put, can render outstanding service in 
semi-permanent lab set-ups, in produc- 
tion test, or integrated into your own 
product. Available in 15 models up to 






200 watts capacity with 6, 12 or 28 
volts out. Specs and packaging are simi- 
lar to QR models above. Models for 
+0.25% or +0.05% regulation are 
available. Lower wattages are available 
two to a single rack panel (314” or 
514”x19"). 


QM-Series, solder-into-the-circuit sup- 
plies (shown above, right) mount like a 
potted transformer or choke and come 
in 36 variations: nine voltages from 3.0 
to 36vdc, regulated +0.05%; and four 
wattages, 2, 4, 8 and 15. Input 50/60 
and 400 cps at 115vac. (Incidentally, 
Sorensen also offers similarly packaged 
DC-to-DC and DC-to-AC converters.) 
Ask us, or your nearest Sorensen rep- 
resentative, for the complete story on 
these precision transistorized regulated 


d-c supplies. 8.42 


SORENSEN & COMPANY, INC. 


Richards Avenue; South Norwalk, Connecticut 


WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 


Visit the Sorensen Booth at the IRE Show—March 21-24 
CIRCLE NO. 41 ON INQUIRY CARD 
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MATERIALS 


Dielectric Materials 


Emerson & Cuming Inc. of Can- 
ton, Mass. have developed a number 
of interesting dielectric and insula- 
tion materials that unquestionably 
will find applications other than the 


ones for which they were intended. | 





t 


Many of these are made from ecco- | 


spheres, hollow glass micro spheres | 


that resemble very finely divided | 


white sand. They are made from a 
very low loss 
with unique dielectric properties. 
Formulation is boro-silicite glass of 
very closely controlled sodium to 
silica ratio giving an exceptionally 
low dissipation factor that in certain 
grades runs as low as 0.0008. In- 
corporation of boron gives it ex- 
ceptional temperature stability. This 
type of glass formulation is thermo- 
plastic yet because of its molecular 
design exhibits little softening, vol- 
ume change or electrical change at 
temperatures up to 1550F. Free 
flowing characteristic of the powder 
makes the material easy to handle 
and simplifies its incorporation into 
other plastics. 
Circle No. 109 on Inquiry Card 











0-5 VDC OUTPUT 


PRESSURE 
TRANSDUCER 


Ranges: 5 to 1,500 psi — Gage, Differ- 
ential or Absolute—Accepts corrosive 
fluids, both sides. 


Insensitive to Shock and Vibration. 
Input: 25-30 Volts DC at 20 ma. 
Combines Variable Reluctance Pres- 


sure Transducer and Carrier Demodu- 
lator for voltage controlled telemetering 


glass formulation — 








and other DC systems. 


a NO 


engineering company 
13035 Saticoy Street 


North Hollywood, California 
TRiangle 7-7139 
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Heat Reactive Tubing 


Heat-reactive vinyl tubing which con- 
tracts at temperatures over 275°F to 
form skin-tight electrical insulating “ar- 
mor” for symmetrical rods, tubes or 
contoured shapes is available in 25 
standard sizes to cover objects 5/64th 
to 5-inches in diameter. The heat re- 
active tubing is designed to shrink 
under heat up to 30 per cent in di- 
ameter, 15 per cent in length, in just 
minutes (4 to 8 minutes at 300°F). 
The tubing is applied simply by plac- 
ing it over the object to be covered 
and suspending it in any heated cham- 
ber. A few of the many applications 
for the abrasive and chemical resistant 
tubing include harness cables, conden- 
sers, coils, ground straps, large trans- 
former leads, tool handles, high voltage 
leads, antennae and flexible conduit. 
Minn. Mining & Mfg., St. Paul, Minn. 
Circle No. 159 on Inquiry Card 


Flame-Retardant Laminate 


Known as Fireban X, a new material 
essentially a Grade X laminate with a 
special phenolic resin, provides an extra 
measure of fire safety on those applica- 
tions, where high tensile and flexural 
strengths are required. It has good 
impact and dielectric strength. Taylor 
Fibre Co., Norristown, Pa. 
Circle No. 240 on Inquiry Card 
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#21 


Lists over 12,000 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK! 


GEARS * SHAFTS* COLLARS CLUTCHES « 
BEARINGS * COUPLINGS «DIFFERENTIALS 
¢SPEED REDUCERS and many other Pre- 


cision Engineered Parts 
& Components, 


Send For Your 
Copy Today. 


PIC DESIGN CORP. 


Subsidiary ot BENRUS WATCH COMPANY, Inc. 


Atlantic Ave 













East Rockaway. LI. NY 
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NOW MINIATURE & SUBMINIATURE 


UN 






1580 & 1880 


The 1580 Miniature Gage Pressure 
Switch (4 ounces maximum, 3” x 
1%”) and the 1880 Miniature Ab- 
solute Pressure Switch (4 ounces 
maximum, 34” x 1%”) have 
SPDT or DPDT circuitry, with 
either sealed or unsealed snap- 
action switches. Operating pres- 
sure range: 0.5 psi to 3,000 psi. 





1590 1890 


The 1590 Subminiature Gage Pres- 
sure Switch (2% ounces maxi- 
mum, 3” x 0.937”) and the 1890 
Subminiature Absolute Pressure 
Switch (24% ounces maximum, 


Write today for your copies 
of HAYDON PRESSURE 
SWITCH BULLETINS: 1500-1, 


1580-1, and 1590-1. 








PRESSURE 
SWITCHES 


ADDED TO STANDARD 1500 SERIES | 
ADJUSTABLE PRESSURE SWITCH LINE ) >) Amey 


oS codh INCORPORATED 







(6 ounces, 3%” x 1546”) 


2%” x 0.875”) have SPDT cir- 
cuitry with sealed or unsealed 
snap-action switches. Operating 
pressure range: 10 psi to 3,000 psi. 


GENERAL DESIGN SPECIFICATIONS 
APPLICABLE TO ONE OR MORE OF 
THE ABOVE VERSIONS. 


Sensing elements: A wide variety 
of diaphragm or piston sensing 
elements can be provided in each 
of the configurations. Thus, a 
standard design is easily tailored 
to specific pressure settings and 
environmental conditions. Pres- 
sure switches are available with 
welded metal sensing elements 
when corrosive media or extreme 
temperatures dictate all metal 
construction. 


Operating media: Ammonia sys- 
tems, freon, lubricating and 
hydraulic oils, aircraft fuels, ra- 
dioactive water, oxidizers. 


Environmental: Switches meet ap- 
plicable portions of MIL-E-5272, 
high and low temperature, shock 
and vibration: 

Standard temperatures: 

—65° to 250°F. 

Vibration: 10g. 

Special designs made to 600°F. 

and vibration to 20g. 


Electrical: Snap-action switches 
meet MIL-S-6743. 5 amp. res./3 
amp. ind. at 30v DC/125v AC. 


Higher electrical loads avail- 
able: 10 amp. res./8 amp. ind. 








WATERBURY 20, CONNECTICUT 
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Waveguide Data Chart 


A new “Standard Waveguide Data Chart,” is said to be one 
of the most complete listings of waveguide information 
available. Featuring military as well as EIA designation 
numbers, the chart shows virtually all required electrical as 
well as mechanical parameters for all waveguides in use 
today. Up to now, engineers have frequently had to devote 
considerable amounts of time to calculating certain char- 
acteristics, attenuation factors, power ratings, etc. The new 
chart provides the most commonly-used data, eliminating 
the necessity for calculations. Some of the parameters 
covered are: cut-off frequency, theoretical attenuation for 
both brass and aluminum waveguides, theoretical C. W. 
power rating, and the waveguide wavelength from the 
lowest to the highest frequency in any given band. Me- 
chanical dimensions are also given for all waveguides, 
along with their tolerances. 

Source: Narda Microwave Corporation 


Mineola, New York 
For your copy: Circle No. 229 on Inquiry Card. 


Lock Nuts 


A new 20-page catalog covers a complete line of spring 
tempered steel lock nuts, including regular hex, integral 
washer, acorn, wing and adjusting nut types. Details of 
design and locking principle, advantages, typical applica- 
tions, dimensions, load ratings, materials and finishes are 
given. 
Source: Palnut Company 

Mountainside, New Jersey 

For your copy: Circle No. 213 on Inquiry Card. 





Precise Power Systems 






“Precise-Power Systems for the Electronics Industry,” cot 
tains applications, engineering data, subsystems and system} 
component operating characteristics, and recommende( 
standard system combinations. The Electric Specialy 
Company defines its precise power set as a rotary electn) 
mechanical system, usually regulated and/or controlled by 
static circuitry, which performs one or more of the fof 
lowing functions: isolates the power system from power 
line voltage transients; isolates the power system from) 
static (slow) changes in power-line voltage; raises th 
power-line frequency, reducing the cost, size, and com) 
plexity of the de power supplies in the system; perform 
the conversion to de (regulated or unregulated) directly 
in a more economical manner. f 
Source: Electric Specialty Company. 

Stamford, Conn. 

For your copy: Circle No. 232 on Inquiry Card. 













Surface Measurement 


A pocket-size, 12-page, surface measurement referenc¢, 
manual containing important excerpts from the America! 
Standard ASA B46.1-1955 for Surface Roughness, Wavi 
ness and Lay, covers classification of surface characteristics) 
stylus-type measuring instruments, precision reference speci) 
mens, roughness width cutoff, and notes on control of sur) 
face roughness. A conversion chart is provided for convert! 
ing arithmetical average to root mean square averages it) 
microinches. The Surfindicator, a production gage fo 
finish control is also described. 
Source: Brush Instruments 

Cleveland, Ohio 

For your copy: Circle No. 212 on Inquiry Card. 
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PERKIN-ELMER specifies 


Ps, 


implatrol \tvectric c.urcues 


for Small Size... High Torque Transmission ... Quality at Low Cost 








Ask today for SIMPLATROL literature on minia- 
ture and small fixed field and larger size electric 
clutches and brakes. Discover how Simplatrol 
clutches and brakes can be readily adapted to your 
own special requirements. 





503-9 


This Perkin-Elmer Model 221 Infrared Spec- 
trophotometer incorporates a servo motor for 
its abscissa scanning system. When the instru- 
ment is not scanning a region of the spectrum, 
the motor must disengage quickly from the 


implatrol products corp. 


Littrow mirror drive and recorder system in 
order to allow the fastest possible abscissa 
run-back. 

Perkin-Elmer chose a SIMPLATROL (Fixed 
Field) Clutch for this highly critical automatic 
function. Says Perkin-Elmer, “The Simplatrol 
Clutch is well suited for this application 
because it combines small size and high torque 
transmission with high quality at moderate cost.” 

Applications such as this are typical of the 
wide range of functions- which SIMPLATROL 
miniature and small and fixed field electric 
clutches and brakes perform in electronics and 
automation. Wherever there is a need for accu- 
rate and compact clutching or braking, swift, 
silent Simplatrol assemblies do the job. 

The only moving part in the Simplatrol clutch 
and brake operation is the patented dia- 
phragm. Simplicity is the keynote and the basis 
of the success of these performance-proved 
clutches and brakes. 





24-9 SALISBURY ST., WORCESTER, MASS. | 


Representation in Key Industrial Areas 
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perform a shells in a rigid or flexible housing sealed 
directly! SIERRA MINIATURE MECHANICAL = oy with “O” rings. 3” standard bend radius. 


%" minimum bend radius. 
CHAIN AND SPROCKETS... } 


Specialty 
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rises the P ; Compression & Tension Type 
nd com! ‘ gearing. oe Aircraft cable is strung with spherical steel 









































Three Types: 

















’ Provide precise, positive motion transfer l 1. Light Duty—Compression Ult. Load 1250 
through several planes simultaneously with NEW Ibs.; Ult. tension 960 Ibs. 
no cable slippage...no complicated gearing. 2. Heavy Duty—Compression Ult. Load 1650 
Unlimited raga Sip ere for min- Ibs.; Ult. tension 960 Ibs. 
iature and sub-miniature assemblies in servo : 
: i _ It. 
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Has every form of silver for your electronics canal 


Silver, in many forms and alloys, is a necessity in the elec- 
tronics and electrical industries. To meet this need on a 
high quality level, Handy & Harman manufactures powder, 
flake, paint, paste, sheet, strip, wire, etc., for printed circuits, 
wiring, resistors, condensers, thermistors, contacts, printed 
terminal strips on glass, ceramics, plastic laminates, etc. 


Another “At Your Service” Division of the Handy & Harman 


Silver Supermarket is our Research and Engineering 
Department. Always ready to help you with any problem 
or project you may have involving silver for any application. 


VISIT OUR BOOK DEPARTMENT 

We have five Technical Bulletins giving engineering data 
on the properties and forms of Handy & Harman Silver 
Alloys. We would like you to have any or all of those that 


particularly interest you. Your request, by number, will re- 
ceive prompt attention. 


Bulletin A-l 
Bulletin A-2 
Bulletin A-3 
Bulletin A-4 
Bulletin A-5 


Fine Silver 

Silver-Copper Alloys 
Silver-Magnesium-Nickel 
Silver Conductive Coatings 
Silver Powder and Flake 


Your No.1 Source of Supply and Authority 
on Precious Metal Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N.Y. 
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Fig. 1 Variety of magnetic 
clutches by Fae _ Instrument 
Corp., illustrating the range of 
size and type. 
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MINIATURE MAGNETIC CLUTCHES & BRAKES 





Clutches and brakes are used to vary 
the coupling between shafts by means 
of relatively low power control signals. 
This coupling can either vary linearly 
with the magnitude of the control sig- 
nal, or it can be of the on-off variety 
where the coupling is either zero or 
maximum. 

The principal types of clutches of in- 
terest to electromechanical designers 
are magnetically actuated friction disc, 
hysteresis, eddy current, magnetic 
fluid, magnetic powder, crystal and 
“loudspeaker” clutches. For low power 
servo systems, the friction disc clutch 
is of maximum importance and _ this 
Components Digest will be confined to 
a consideration of that type. However, 
many of the application principles are 
basic to all types. 

To permit a complete coverage, we 
are further restricting treatment to 
miniature varieties of the type com- 
monly used in military applications and 
precision servomechanisms. Fig. 1 
illustrates the range of these varieties 
and sizes. 
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CLUTCH APPLICATIONS 


Friction disc clutches are of the on- 
off variety and do not function well 
where a substantial amount of slipping 


occurs during their useful life. When 
properly applied, they provide a firm 
coupling action between shaft or be- 
tween shaft and ground. For this rea- 
son, they may be considered as analo- 
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Fig. 2 Specific types of clutching devices, and their coupling characteristics, The 
notations are Autotronics designations, for reference on Fig. 3. 
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i DIGEST 


gous to a switch, performing the same 
function with mechanical shafts as a 
switch does in electrical circuits. And 
similarly, there are a great variety of 
types from which a suitable choice may 
be made to suit a specific application. 
Fig. 2 shows the principal types to- 
gether with sketches of the characteris- 
tic torque versus voltage curves. These 
are tabulated by Autotronics, Inc., who 
manufacture an unusually complete 
line of miniature types. Fig. 3 illus- 
trates the more important applications 
of these devices. Their versatility has 
made clutches and clutch brakes major 
components in complex electromechani- 
cal systems. 


PRINCIPLES OF OPERATION 


The clutch and the clutch brake oper- 
ate in a manner similar to a solenoid. 
Visualize the input shaft and the out- 
put shaft as being coaxial, with a 
separation between them and with a 
fixed magnetic cylinder attached to the 
end of the input shaft facing the out- 
put shaft. The output shaft has a simi- 
lar opposing cylinder which is free to 
slide axially along the output shaft, 
but which cannot rotate with respect 
to the output shaft. Thus, these two 
cylinders face one another, one of 
which is free to move in an axial di- 
rection and contact the other. Under 
the action of an applied d-c magnetic 
field, the movable cylinder is displaced 
axially to make a strong physical con- 
tact with the fixed cylinder on the 
opposing shaft developing the required 
locking action up to the specified 
torque limits. Upon removal of the d-c 
signal, a spring forces the movable 
cylinder away from its position of con- 
tact with the opposing shaft and opens 
the coupling. The magnetic field must 
be sufficient to overcome this spring 
force and at the same time, yield good 
firm coupling between the clutching 
surfaces. 

In the clutch brake, the action of 
the spring forces the movable cylinder 
into contact with an opposing braking 
surface on the frame of the device, 
_which locks the shaft to the frame 
within the specified limits of torque. 
Fig. 4 shows the balance of forces in 
a typical magnetic clutch as described 
by PIC Design Corp. 

It is clear that coupling is essentially 
on-off, with no response until the ap- 
plied magnetic field is strong enough 
to overcome the spring force. With 
sufficient field strength, the movable 
slug slides in a snap action until it 
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Used to adjust a load 
1. Clutch engages, motor drives load 
to position left or right 
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Fig. 3 Application schematics of clutch-brake devices. Note: Units are identified 


by letters defined on Fig. 2. 
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makes the required coupling. Due to 
the very small airgap that results when 
contact has been established, a high 
locking torque is developed which is 
maintained even when the d-c field is 
reduced considerably below that re- 
quired to initiate locking. The spring 
must be strong enough to break the 
locking action maintained by residual 
magnetism when the d-c field has been 
reduced sufficiently. In a poorly de- 
signed unit, the residual magnetism 
may be sufficient to maintain coupling 
even in the absence of any field. The 
proper selection of magnetic materials 
and the adjustment of spring constants 
and airgap are important design con- 
siderations. 

In the clutch brake, the problem is 
especially severe since the spring must 
not only be sufficient to open the 
clutch, but also must be powerful 
enough to supply the required braking- 
torque. This reduces available clutch- 
ing torque as shown in the interesting 
curves of a Globe clutch brake, Fig. 5. 

The above description may be some- 
what clarified by reference to Fig. 6 
showing the details of construction of 
specific designs by Fae Instrument 
Corp. Since thé variety of types is so 
great, including not only the basic 
units of Fig. 2 but also specialized con- 
struction features such as the concen- 
tric shaft unit of Fig. 6(b), the Fae 
units must be regarded merely as typi- 
cal rather than descriptive of all types. 







<«——Positive Forced 
To Engage 
Clutch Couplings 











Maximum Gap In 
Assembled Unit 





-» Theoretical Region 
Courtesy of PIC Design Corp. 


Fig. 4 Forces within the clutch as a 
function of gap spacing between the 
clutch surfaces. Motion cannot take 
place in the “theoretical region,” but 
curves are shown just for clarity. (a) 
Variation of magnetic pull with rated ap- 
plied voltage. (b) Spring force, oppos- 
ing magnetic pull. (c) Resultant force 
tending to lock clutch. (d) Residual 
force with clutch de-energized. (e) Re- 
sultant force tending to open clutch. 
This diagram permits easy visualization 
of important design parameters. 
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Static Torque Oz. In. 


typical static torque for 
C 9A732 clutch brake 


and 81A100 clutch 
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Fig. 5 Curves comparing the static torque of a clutch brake and a 
Globe Industries, Inc. 


Clutch without Brake 


Clutch with 10 oz. in. Brake 
Clutch with 20 oz. in. Brake 








Fig. 6a Magnetic brake by Fae Instrument Corporation. 
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Fig. 6b Concentric shaft magnetic clutch brake by Fae Instrument Corp. 
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1. Duplex Clutch 6. B-Input Shaft 15. Seal 21. Clamp 28. Hub Gear 
2. Housing Ass’y Ass’y 16. Coil Spring 22. Bearing Flanged 29. Bearing : 
3. Coil Ass’y 9. Output Shaft 17. Shim 23. Name Plate 30. Retaining Ring 
10. Cover Seal 7 24. Cover-Housing 31. #1-72% Fil- 
4. A-Input Shaft 11. Cover Seal 18. Shim 25. Snap Ring lister Hd. Ser. 
Ass’y 12. Cover Seal 19. Spacer 26. Terminal 32. End Cap 
5. Clapper Ass’y 14. Seal 20. Bearing 27. Spacer-Input 33. Crescent Ring 


Fig. 7 Duplex Clutch by Guidance Controls, revealing in- 
ternal design feature. Design Features: (a) Minimum wat- 
tage requirements mean low heat rise. (b) Location of fric- 
tion materials near outer periphery means high torque and 


large contact areas. (c) Radical rather than axial air gaps, 
eliminating excessive clutch loading on the main bearings. 
(d) Six-legged diaphragm type spring for greater load ca 
pacity and reduced stresses. 


Fig. 6(a) shows a brake unit where 
the applied magnetic field causes the 
moving armature, 20, to engage the 
stationary armature against the pres- 
sure of the return spring, 10, locking 
the shaft assembly 16. Fig. 6(b) shows 
a concentric shaft clutch-brake, parti- 
cularly suitable for servomechanism 
packages where the unit is convenient- 
ly mounted on a jig-bored plate along 
with other major rotating components, 
and coupling is effected through spur- 
gearing. Mechanical tolerances must 
all be compatible with precision servo- 


52 


mechanism requirements. 

In Fig. 6, the inner shaft, 1, may 
couple the outer shaft, 2, in the ener- 
gized condition through the armature 
elements 4 and 5. When unenergized, 
the armature element 5 is faced by the 
spring against the braking surface, 18, 
locking shaft 1. 

Fig. 7 shows the internal construc- 
tion of a duplex clutch by Guidance 
Controls illustrating important design 
features. Many of these features are 
found in comparable models by Dy- 
namic Instrument Corp. 


Guidance Controls Corp. offers some 
helpful hints on the internal design de- 
tails. They recommend the use of pure 
Armco iron for high permeability, high 
saturation density, and low residual 
flux. Ordinary cold-rolled carbon steels 
do not compare in these characteristics. 
(Actually the low resistivity of pure 
iron results in a slight time lag in the 
build up of flux, due to transient Eddy 
currents. A more serious deficiency is 
the poor corrosion resistance of pure 
iron, requiring a good protective 
finish. ) 
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Guidance Controls recommends 303 
stainless steel for the non-magnetic 

rtions of the internal structure, for 
good strength characteristics and the 
matching of temperature coefficients of 
structural parts, magnetic elements, 
and bearings. This is almost essential 
for units designed for operation over 
qa high temperature range where the 
differential expansion of steel vs. alumi- 
num introduces excessive errors in 
geometry. Sintered porous metal parts 
are recommended as friction materials 
for low wear and long reliable life. 

Internal springs must be designed to 
maintain properties over the range of 
temperature, without fatigue stresses, 
to guarantee zero backlash over the 
life of the unit. Complex manufacturing 
and heat treating processes are re- 
quired. Temperature stabilization is 
used to insure uniformity in dimen- 
sional and performance characteristics. 


CLUTCH APPLICATION FACTORS 


The biggest single application difficulty 
of friction-disc clutch and clutch brake 
devices is the reliability of contact 
characteristics. Contact surfaces may 
be of the metal-to-metal variety, or 
non-metallic materials such as cork or 
silicone rubber may be used. The ap- 
plication engineer must specify very 
precisely what the actual life require- 
ments are. For example, are the oppos- 
ing contact surfaces rotating at high 
relative angular velocities at the in- 
stance of engagement? Significant in- 
ertial energy involved in starting and 
stopping will accentuate wear. Some 
companies such as Dynamic Instru- 
ment Corp. check life with full rated 
torque applied during starting and 
stopping, a particularly severe test con- 
dition. If a clutch drives a limited mo- 
tion device such as a resistance poten- 
tiometer with limit stops, the ability of 
the clutch to withstand slipping when 
the potentiometer is against the stops 
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HIGH QUALITY SMALL BOBBINS in NYLON-DELRIN- 

KEL F and other engineering thermoplastics 

FROM STOCK: scores of bobbins Handy reference to help you choose 
for immediate delivery. or design the right bobbin. GRC’s 
VARIATIONS: simplified design data unique single-cavity techniques as- 
for modifications of stock items at sure uniformity and precision. 
little or no tooling cost. 

TO SPECIFICATIONS: wide design 
possibilities, including miniatures. 
NO SIZE TOO SMALL! 

Maximum sizes—14” long, .03 oz. 


Smooth, flush-free surfaces simplify 
winding, reduce assembly costs. 


Send TODAY for your GRC 
BOBBIN WORK SHEETS 





GRIES REPRODUCER CORP. 
World’s Foremost Producer of Small Die Castings 

119 Beechwood Avenue, New Rochelle, N.Y. © NEw Rochelle 3-8600 
See us at the IRE—Booth #4110 
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METAMORPHOSIS 


See your R&D metamorphose into 
usable hardware. Our Inertial 
Guidance System contracts require 
that we add to our staff. If you have 
3 to 5 years of experience, you 
probably qualify for a position of 
responsibility. Inquire today of Mr. 
C. T. Petrie, Manager, Research & 
Engineering Staff, 








LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 
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The world’s 
most complete 
line of 
miniature 
precision 


MAGNETIC 
CLUTCHES 


BRAKES 


5 FRAME SIZES: 
a, 4,:11,.13,.18 
OVER 15 
MODELS TO 
CHOOSE FROM 


Send for catalog: 


59 New York Ave., 
Westbury, aa. N.Y. 
EDgewood 3-1600 
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must be verified. Heat dissipation and 
wear under these conditions may be 
extremely high. High ambient tem- 
peratures introduce not only their usual 
difficulties with insulation lubrication 
and mis-matched coefficients of expan- 
sion, but also can adversely affect the 
properties of many clutching materials. 
For this reason, metals are often pre- 
ferred. 

Frequently, some sort of “running 
in” is required to guarantee a uniform 
torque characteristic. This may con- 
sist of slipping the engaged surfaces a 
specified number of times until a level- 
ing off occurs in the torque characteris- 
tics. A sufficient design margin must 
be available to account for variations 
during life and from unit to unit. It is 
in the area of clutch surface materials 
and their treatment as well as “adjust- 
ment” procedures that most manufac- 
turers have their individual shop sec- 
rets. Fae Instrument discusses this 
phase of clutch design in the following 
paragraphs: 

“The smooth friction faces allow slip- 
pages when rated torque is exceeded 
(useful when driving pots with internal 
stops). This type of clutch face also 
prevents indexing during engagement 
and disengagement (as compared with 
crown-tooth devices). Traces of con- 
tamination on friction faces result in 
torque reduction. Wear on friction 
faces result in torque reduction. Wear 
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on friction faces is minimized by 
cial surface hardening methods such ay 
“Skottsonizing” and in some instance 
several thousandths of an inch cag 
hardening. Hardchroming of wear sup. 
faces further adds to the wearability 
as well as corrosion proofing. 
“Life is not an easy term to define 
due to non-constant environment, 
conditions and required duty cycle, 
However, life on all units should be g 
least one million cycles at no load 
zero speed, room conditions. 
“Principal limits to clutch reliability 
are bearing failures under severe ep. 
vironments. Contamination in spite of 
bearing shielding is unavoidable. Cop. 
densation of moisture under humidity 
conditions can cause some small fal] 
off in torque, especially on friction 
brake surfaces of clutch-brake com. 
binations. 
This should be compensated for by 
conservative performance ratings al 
lowing for the losses. Good interna 
shielding, rugged plating, non-oxiding 
brake surfaces all contribute to proper 
design for severe environments.” 
Dynamics Instrument Corporation re. 
marks that life tests are conducted 
periodically on their units at rated 
load and speed, for a _ guaranteed 
minimum life. They guarantee 3x10 
cycles under 60% of full torque load. 
Clutch friction generally exceeds 
that due to bearings alone due to the 
heavy internally developed magnetic 
forces required for the functioning of 
the unit. Some clutch designs impose 
heavy thrust loads on the bearings 
which sharply increase friction and 
reduce life at high speed. For this 
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Fig. 8b Simplatrol clutch, static and step torque relations. Graph shows stati¢ 
torque as a function of coil current, and slip torques as a function of slip 


for several values of control current. 
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reason, no-load friction (with no ex- 
ternally applied shaft torques) may 
be specified separately for the ener- 
‘zed and unergized states. Dynamic 
Instrument Corp. and Guidance Con- 
trols have designs where bearing loads 
are minimized by having only radial- 
ly directed magnetic forces between 
moving members and the frame. 
These radial forces balance out to 
avoid thrusts on the bearings. How- 
ever, the inertias of these units are 
somewhat higher than other designs. 
The applied voltage rating for mag- 
netic clutching devices is easily varied 
over a wide range by choosing a suit- 
able winding for the excitation coil. 
As long as the total copper volume of 
the coil remains constant, the power 
ratings are unchanged. However, the 
rated applied voltage is proportional 
to the number of turns, which in turn 
depends upon the wire size. The prin- 
cipal limitation is the fineness of wire 
which can be economically wound, 
which sets the upper voltage limit in 
miniature components where available 
wire room is limited. 


Since magnetically actuated devices 
depend upon ampere-turns, it is ap- 
parent that response will diminish at 
high temperature where the increased 
winding resistance reduces current 
and power in accordance with Ohm’s 
law. There must be sufficient allow- 
ance for this, as well as the usual 
concern over the ability of the insula- 
tion to withstand the ambient tem- 
perature plus internal temperature 
rise. 

Voltage variations in the energizing 
supply likewise affect the available 
ampere-turns in the clutch coil. Fig. 
8 (a) shows a typical torque versus 
applied d-c voltage characteristic. 
Note that in the region above approx- 
imately 20 volts little change in tor- 
que takes place. This indicates a sat- 
urated condition in the magnetic cir- 
cuit, which renders the device rela- 
tively insensitive to small changes in 
ampere-turns such as might result 
from temperatures or voltage variations. 
Torque specifications should be met at 
minimum rated voltage and maximum 
tated ambient temperature with wind- 
ing temperature rise added. 


Fig. 8(b) shows the static as well 
as the slipping torque characteristics 
of a Simplatrol clutch. The actual 
power requirements of the magnetic 
clutch depend upon the efficiency of 
the magnetic circuit as well as the me- 
chanical design factors. While design 
details will not be considered here to 
any extent, it should be pointed out 
that clutch design is a matter of ex- 
tensive compromise. Small air gaps re- 
quired for high efficiency result in ex- 
cessive residual magnetism which 
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Servo Components ? 
MUIRHEAD! 


The two are synonymous. And the reason? MUIRHEAD make a 
speciality of manufacturing all types of synchros and servomotors 
—and have done so for more than 20 years. 

MUIRHEAD synchros and servomotors are precision built to meet the 
exacting requirements of Bu. Ord., N.A.T.O. and British Military 
specifications in sizes from 08 to 23. 

Ask for the new broadsheet containing the full range. Data sheets for 
specific models and prices sent on request. 
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MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD INSTRUMENTS INC., 
441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Telephone: Murray Hill 2-8131 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
Telephones: 3717 & 3718 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone: Beckenham 4888 


Meet us at Booth 3230 I.R.E. SHOW March 21-24 1960 


Our engineers will be pleased to discuss with you any matters relating to the 
wide range of Muirhead servo components and electronic instruments. 


A representative selection of our products will be on show, together with a 
working demonstration of the new Automatic Recording Wave Analyser. 
This instrument is designed to carry out automatic amplitude / frequency 
analyses of steady signals and amplitude/frequency/time analyses of 
non-steady signals. 
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ACE 
PLASTIC 
EXTRUSIONS 


SHAPES - CHANNELS 
SPLINES - PROFILES 
CORNER MOLDINGS 
RODS-TUBES 


IN THESE PLASTICS 


ACRYLICS e ACETATE e BUTYRATE 
STYRENE e POLY CARBONATE 
POLY PROPYLENE e METHYL STYRENE 
ETHYL CELLULOSE e POLYETHYLENE 
VINYLS — ELASTOMERIC AND RIGID 


/®\ FAST DELIVERY 


Write, wire, phone for Bulletin ES, sam- 
ples and prices . . . or send specifica- 
tions, blueprints for immediate quotation. 


ACE PLASTIC COMPANY 


91-44 Van Wyck Expwy. 
JAmaica 3-5500 
Jamaica 35, N.Y. 
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Fig. 9 Typical Oscilloscope, response readings. 


means strong return springs and con- 
sequent loss of available torque. The 
best magnetic materials do not exhibit 
good mechanical or corrosion resistant 
properties, and so forth. While required 
clutch power is generally not critical, 
it should not be excessive, nor intro- 
duce a high temperature rise. 

In many applications speed of clutch 
response is a key design characteristic. 
This is certainly true where a clutch 
is used as the actuation element of a 
closed loop control system, but it is 
also of importance in many high speed 
clutch systems. 

The major factors affecting time de- 
lay are the lag in current build up in 
the inductive clutch coil, and the de- 
lay in the response of the moving 
armature due to its inertia. The force 
of the restoring spring opposes the ap- 
plied magnetic force, and further 
serves to delay the response, but noth- 
ing can be improved here since a stiff 
restoring spring (plus a minimum of 
residual magnetism) is essential to a 






VOLT 


Courtesy of Autotronics, Int 


fast disengagement. 

Unfortunately, as in all electro-mag 
netic devices, the requirements of high 
speed and high efficiency are incom 
patible. Current build up lag core 
sponds to the conventional L/R time 
constant. 

Increasing efficiency by closing mag 
netic gaps or packing more copper into 
the energizing coil means a_longet 
time constant. Adding a large resistor 
in series with the coil and exciting 
from a high voltage supply will it 
crease speed at the expense of the 
power lost in the series resistor. A 
parallel R-C network in series with 
the coil may speed up response some 
what more efficiently by passing a high 
initial current through the uncharged 
capacitor. Other techniques applicable 
from magnetic amplifier theory ate 
also feasible. 

Where possible, constant current 
source energization may be available. 
Vacuum tube circuits employing 4 
pentode output or current feedback 
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Torque tester with Fafnir Ball Bearings 
takes instrument bearing ‘cardiograms ! 





Fafnir automatic torque tester checks instrument ball bearings for cleanliness, geometry, surface 
finish, other conditions affecting performance. Recorder chart provides visual inspection, analysis. 


Dirt, handling damage, faulty geometry — 
these and other ball bearing hazards can 
wreak havoc in the performance of an 
instrument or precision mechanism. The 
automatic torque tester above is designed 
to detect such conditions before bearings 
are installed, thus saving costly tear-downs 
and reassembly. It is widely used by in- 
strument and ball bearing manufacturers. 

Two Fafnir super-precision ball bearings 
support the rotor in this highly sensitive 
mechanism. These ball bearings must be 


as near-perfect as men and machines can 
make them, to provide the extremely low 
tolerances for radial and lateral eccentri- 
cities, sensitivity, and reliability for which 
the torque tester is designed. 

An exacting assignment for Fafnir pre- 
cision. But it’s typical of the instrument 
applications in which Fafnir ball bearings 
have proven themselves. If your product de- 
sign calls for instrument or miniature ball 
bearings, let Fafnir help you. Write The 
Fafnir Bearing Co., New Britain, Conn. 


FAFNIR g 


BALL BEARINGS 
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Fafnir Super-Precision 
Ball Bearings support 
torque tester rotor, 
provide sensitive, high 
precision performance. 
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Thermo , 
Electronic 
Indicating Recorder 


Indicating Recorders automatically indi- 
cate and record, on a fine line circular 
chart, any process variable converted to 
de potential, current or resistance. Full 
scale pointer and pen travel—5 seconds. 
Large 34” scale is easily read from a dis- 
tance. Instrument accuracy is + 0.25% 
of full span—sensitivity is 0.125%. The 
outstanding T.E. high-gain amplifier used 
in this instrument has extreme sensitiv- 
ity and stability, and maintains character- 
istics through the most severe operating 
conditions. Built-in fail-safe protects 
process equipment against power line, 
transducer or component failure. 


The Thermo Electronic Indicating Re- 
corder provides semi-automatic stand- 
ardization by using the full sensitivity of 
the amplifier. Ranges are easily changed 
in the field. Optional 2 or 3 position con- 
trol or upto 6 alarm contacts, and fine line 
recording pen with longlastingink supply. 


Write for catalog 66-8 


Thermo 


Electrie co. 


SADDLE BROOK, NEW JERSEY 





in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
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Fig. 10a Follower servomechanism ical servo motor. The clutch drive uni 
driven by a relay operated clutch sys- is capable of five times the acceler 
tem. The use of velocity feedback re- tion of the servo motor. Taken fron 
sults in a continuous high frequency Stuelpnagel and Dallas, “Off-On Mot 
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Fig. 11 Fastop clutch-brake unit for servo use by Lear, Inc. In left-hand fi 
the clutch is de-energized and the load is coupled to the brake. The motor is di 
connected and coasts to a halt at will. The right hand figure shows the clutt 
energized so that the motor drives the load. 





may approximate such a source. Un- The time delay in clutch respon 
der this condition, the principal lag is not measureable as readily as 

occurs in the response of the armature other parameters. In the clutch desi 
whose inertia and total travel may be phase where parts may be adapted 

minimized by careful design. Unlike the measurement problem a variety @ 
constant voltage conditions, the con- techniques may be employed bas 
stant current source may not be able upon opening of carefully set contat 
to speed up response by overdriving by the clutch motion, and R-C timitf 
(where heating and duty cycle permit) circuits. 
if the magnetic circuit is already sat- Special methods have been devisti 
urated. based upon the clicking noise indie 
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ing the instant of impact of the arma- 
ture members. The method described 
by Autotronics shown in Fig. 9 is par- 
ticularly convenient for testing finished 
clutches since it only required external 
measurements using standard labora- 
tory instruments. 

Definitions of response time may 
differ among manufacturers and it is 
important for the user to be sure of 
his terms. The following comments on 
response time by Fae Instrument Corp. 
should be compared with those of 
Autotronics in Fig. 9. “Response time 
is defined as the time element measured 
in milliseconds, that the two uncoupled 
shaft couplings require to couple and 
transmit the rated torque from the 
instant the stationary field coil circuit 
is completed at rated voltage. This 
response time can be kept to a mini- 
mum by using a minimum mass slid- 
ing coupling, minimum friction through 
fine micro finishes on sliding surfaces, 
minimum return spring tensions and 
most important minimum air gaps be- 
tween the engaging surfaces. The user 
should not attempt to work to the 
minimum torque ratings and keep to 
the maximum allowable voltage for 
the specific clutch in order to mini- 
mize response time. “Response time 
can be checked through an oscilloscope 
response pattern by driving an un- 
energized clutch at constant speed 
coupled to a transducer. The clutch 
field is energized and the transducer 
triggered at the same instant. The 
scope pattern will disclose the mag- 
netic field and current build up until 
current stability and _ saturation is 
reached. The resulting curve can be 
calibrated to disclose within at least 
2 millisecond the response time char- 
acteristics.” 


THE CLUTCH AS AN ACTUATOR 


In addition to the previously described 
clutch applications, magnetic clutches 
are sometimes used as actuator ele- 
ments in regulating and control sys- 
tems. They are particularly useful for 
applications involving high intermittent 
overloads, or when extremely rapid 
time response (better than 5 msec.) is 
required, faster than obtainable in con- 
ventional electric servomotors. Because 
of the relative complexity of a bi-direc- 
tional clutch system as compared with 
a common servomotor, this type of 
clutch application is most economical 
where several hundred watts of power 
must be controlled, particularly if con- 
trol is required for high peak loads. 
Here the relatively low control power 
required for clutch actuation provides 
teal power supply economy making for 
a much simpler and more reliable con- 
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Used by progressive engineers in the latest guidance, 
fire control and navigation systems, computers, inertial 
devices, instruments. 


Various types of BALL BusHINGs are made for shaft sizes from Ye" to 4”... 
with small sizes available in Stainless Steel. Write for literature and name 
of our representative in your city. 














THOMSON INDUSTRIES, Inc. 


Dept. A, MANHASSET, NEW YORK 








A Full Four-Digit Voltmeter 
at a Pointer Meter Price! 








FOR THE FIRST TIME you can have 
the accuracy, speed and reliability of 
an NLS digital voltmeter with full 
four-digit resolution .. . for the price 
of a quality pointer meter. That’s the 
dramatic story of the new NLS V64! 
Only NLS high-volume production 
techniques make it possible. Use low- 
cost, versatile V64 for a wide range 
of measuring jobs. See the V64 in 
action .. . contact NLS today! 


BRIEF SPECIFICATIONS: Accuracy +(.02% 
of reading plus 1 digit) .. full 4-digit resolution 
. . . measures DC voltages from one millivolt to 
500 volts in steps of +9.999/99.99/500.0 . . . one 
package design (5%” high, 15%” deep for 19” 
rack) . .. plug-in accessories permit measuring 
AC or low-level DC voltages . . . available from 
stock for immediate delivery. 


Originator of the Digital Voltmeter 





non-linear systems inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 


NLS — The Digital Voltmeter That Works... 
And Works... And Works! 
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Fig. 12 Detailed schematic of a ely 
type instrument servo manufactured } 
Norden. This system incorporates 4) 
ultaneous clutching and braking. In 

diagram, magnetic controller a is en 
gized. This engages the clutch from | 
driving motor and disengages the bral 
for the left hand shaft, by axially shj 
ing the shaft. Thus the output shaft; 
being driven by the left hand shy 
through differential gear c. Since oj 
one controller can be energized at 
time, the right hand shaft is held 
ionary by its brake. This means 

gear d is locked so that the differenj 
can be driven through gear c. This 

rangement permits rapid starting a 


stopping. 








Geor 
train 


Motor - 








7 


Clutch 
brake 


Gear 
train 


- 














Fig. 13 Schematic of system that is useful for rapid starting and stopping. Whe 
the clutch is energized, the load is coupled to the high inertia flywheel and mow 
This results in high load accelerations. When the clutch is deenergized, the lol 
is disconnected from the flywheel and motor and is coupled to the brake. 
brings it to a rapid stop. The flywheel supplies pickup energy during accelerat 

Courtesy of the Norden Co. 


trol amplifier. This feature is some- 
what less important in this age of 
transistors than it was when relatively 
bulky vacuum ‘tube amplifiers drawing 
heavy quiescient power were re- 
quired. The clutch servo’s ability to 
supply peak loads from energy stored 
in a flywheel is a decided advantage in 
reducing maximum power supply drain. 
A good discussion of the clutch as a 
servo-actuator, plus a detailed com- 
parison of different clutch types is pro- 
vided in Truxal’s “Control Engineer’s 
Handbook”, McGraw-Hill, 1958. For 
slow tracking, the on-off type of clutch 
servo is suitable to a degree but the 
continuous dithering as the error 
moves in and out of the actuation 
limits seriously limits life. (Occasional 
remote positioning with relatively 
long quiescient periods between is a 
suitable application.) “Hysteresis”, or 
the difference between on and off volt- 
ages may provide a serious loop sta- 
bility problem which is not easily 




















solved by linear techniques. This pr 
lem is best overcome by means of t 
on-off energization device at & 
clutch input so that the clutch is on} 
energized at rated voltage, or ze 
The hysteresis problem is then trat 
ferred to the energization device. 
relay, for example, exhibits appreciabi 
hysteresis, although less than a clutd 
see Fig. 10. Solid state circuits hav 
been devised where this hysteresis! 
negligible. 

A simple but extremely effective 
plication of a friction clutch-brake 
illustrated in Fig. 11. Here the 
tuator motor may be designed 1 
highest running efficiency, even at t 
price of substantial motor inert 
When the clutch is energized, the hig 
inertia rotor at full speed is coupkt 
to the load providing a load accele 
tion equal to the ratio of maximlul 
clutching torque (minus load fricti0t 
to load inertia. Since the motor is 
ready up to speed no particular enet 
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MAGTROL 


LOWEST PRICED 
QUALITY CLUTCHES... 
IN ANY QUANTITY 


Magtrol puts more quality material and fine 
workmanship into their products to give you 


the finest clutches available . . . then reduces 
the cost to a minimum by streamlining the 
methods of production and control . .. . 
reducing overhead without affecting quality. 


Write wire or call for complete 


information. 

MAGNETIC CLUTCHES 

HYSTERESIS CLUTCHES 
DYNAMOMETERS 











BUFFALO, N. Y. 
Phone: Mo. 7451 


CIRCLE NO. 56 ON INQUIRY CARD 











COMPONENTS ae 


@ om 


is required for its acceleration. Actu- 
ally, some of the motor’s inertial energy 
is transferred to the load with a mo- 
mentary loss in motor speed. Motor 
speed fluctuations during peak loads 
may be minimized by the addition of 
a flywheel to the motor shaft. This 
extra energy “reservoir” means that 
a much smaller motor, capable of de- 
livering average rather than peak load 
power is suitable. 

Fig. 11 also shows the braking ac- 
tion which occurs when the motor is 
de-energized. Here the load is coupled 
to a braking surface providing ex- 
tremely rapid deceleration. The motor 
armature itself is disengaged, which 
means the brake does not have to dis- 
sipate the energy of this high inertia 
member. 

Fig. 12 shows a more general ver- 
sion of a servo actuator drive utilizing 
a clutch-brake. While this figure il- 
lustrates the action in easily visualiz- 
able form, a more convenient assembly 
would be based upon the use of 
standard commercially-available clutch- 
brake packages. 

Fig. 13 illustrates the principles of 
Fig..11 in block diagram form. The 
selection of suitable gear trains op- 
timizes the “matching” between motor 
and clutch and clutch and load. The 
inertias of the rotating clutch mem- 
bers become significant in carrying out 
this optimizing. 

Consider Fig. 13 during clutching. 
The following criteria determine the 
choice of gear ratios and drive motor: 
e Clutch torque multiplied by the 
second train ratio must be sufficient 
to drive the load, 

e The over all reduction ratio multi- 
plied bv motor speed must correspond 
to required load speed, 

e For maximum acceleration, the sec- 
ond gear ratio must equate the inertia 
of the clutch output member to the 
inertia of the load. If the load includes 
viscous friction as well as inertia, re- 
quiring torque for both velocity and 
acceleration, the second reduction ra- 
tio is: 


( J. x a.) */Fy, + Ty,a,)"* 


Je = clutch output inertia 

= load acceleration 
Ras = load friction torque at rated speed 
J; = load inertia 

Effectively these are the same selec- 
tion factors used in matching a con- 
ventional servomotor to its load 
through suitable gearing. 











A figure of merit for clutches ana} 
gous to that for motors is maxim 
transmitted no-slip torque divided ly 
output-member inertia. For optimy 
ratio the maximum possible load » 
celeration is one half this figure ¢ 
merit. 

The maximum load acceleration 
the absence of viscous friction in th 
load is: 


aL = T,/2 (J. x Jr)* 
aL, = load acceleration 
T, = clutch torque 
J, = clutch inertia 
Jt = load inertia 


The average power that can be sup 
plied by the prime mover during tk 
estimated duty cycle must be sy. 
ficient to drive the load. The prim 
mover and its flywheel must have sy. 
ficient reserve capacity to drive th 
load during peak-demand periods. 

The inertia of the prime move 
and its flywheel plus the reflected inf 
ertia of the input clutch member, mug 
be large compared with clutch outpy 
inertia. 

Note that the dissipation in ¢ 
clutch for a given load duty cycle 
independent of the way in which f 
over-all ratio is divided between ¢ 
two gear trains. } 

Also note that the power dissipate 
in a clutch during the acceleration @ 
an inertial load equals the final ki 
etic energy of the load, regardless 
ratios! 






TABLE 1 


Response To Different Forms of 
a-c Energization 















Times listed below are in seconds 


SIZE OF UNIT 
Sea dpialeee 20 30 40 














Excitation 











Unfiltered full-wave rec- 
tified direct current 





.010 .012 .014 











Capacitor filtered full- 
wave 


007 .010 .011 











Capacitor aided initial 
over-voltage 





005 .006 .008 








Reaction times shown are the elapsed times 
quired between switch closure and _ intimal 
contact of torque-producing faces. All 
are average of times recorded by testing 
an oscilloscope. Deviations above and b 
the listed times can be expected. 

All tests were made using normal rated 
tation except when recording capacitor-cid® 
response, where initial voltage and current 
high but reduce to normal after capacitor ¢ 
charge. 
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be a In any environment, in all applications, ASCOP 
e prim magnetic encoders have proved to be rugged and 
arte suf tough. Our customers say that nothing compares 
vit th to them for endurance and perfect performance 
> moe under the worst conditions. 

acted inf Now ASCOP has taken the same unique magnetic 





er, Musi 


h oll readout principle and incorporated it into a neatly 


miniature, ruggedly simple design to read out 
in { o shaft positions to one part in 2'*. Parallel output 
cycle ; is in binary code and total count is reached after 
hich ¢ 64 turns of the precision shaft and gearing. Lead- 
veen U 
, lag head arrangements assure that external de- 
lissipatel ; __ cision making circuitry is minimized. The new 
ration @ ASCOP encoder operates in either direction and 
— can be read out at rest or on-the-fly at speeds up 
| to 10,000 rpm with equal facility. Since the only 
contacting parts are shaft and gearing, these are 
the only factors affecting life. 















rms of 


Condensed Specifications 
nds 
F UNIT Total Count: 2"* achieved in 64 turns of input shaft 


NA. 5S hstesccswaciuiccessabatvcer catenins 24%” dia. x 34” 


= I peinedeyiiiaticsneecnectoniie Binary with lead-lag heads 
FIN ci ncirnnedicasianitndonnabdushsiiaeseaasinatinetataial Parallel 

= SID sscicsticnsindinniibecsioupacashsaabetanemhvetaaeaanel 16 ozs. 
I ecicissinitindsnnscodesibieianathapeeiiades Ghtaadeah 70 gm-cm? 

on 4 Breakaway TOrque: ............cccccccecceceecesees 0.05 in. oz. 
TIN seinedhcecinnsaiatbolesentsbanwesnzanincionseabs 10,000 rpm 






.008 Expected Life: 20,000 hrs. at 4000 rpm (expected 


bearing and gear life) 





d times 
d_ intimal 
All vate 
esting 


, Brochure, price and applications notes on request 
an > 
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acitor-aide 
wae “SASCOP a division of ELECTRO-MECHANICAL RESEARCH, INC. 
P.O. BOX 44 @ PRINCETON, NEW JERSEY 
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motors 








fit In very 
little space 





perform ina 


BIG WAY 


in portable recorders and dictat- 
ing equipment. Only %” dia. — 
under 2% oz. —high torque — low 
power drain — unexcelled reliability. 
To your specifications: mount- 
ings, shafts, bearings, integral gear- 
ing, governed or not, 4-30 vdc, rpm 
to 20,000 


REFLECTONE ELECTRONICS, INC. 


POST ROAD ¢ STAMFORD, CONN. 
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Fig. 14 Reeves magnetic clutch i!lustrating crown tooth construction, 


MISCELLANEOUS CONSIDERATIONS 


Crown-tooth construction, Fig. 14, pio- 
neered by Reeves Instrument Corp. 
provides very high locking torque be- 
tween clutch surfaces and is therefore 
useful where a high load must be driv- 
en without slip. Essentially the oppos- 
ing clutch faces engage on a toothed 
surface. 

This type clutch requires case-hard- 
ening to withstand the impact of en- 
gagement, but ductility under the sur- 
face to permit slight deflections. A 
certain amount of indexing during en- 
gagement is unavoidable. Corrosion 
protection is necessary as with com- 
parable clutching devices. Crown- 
tooth clutches are definitely not rec- 
ommended for slip applications. 

Servomechanism mechanical factors: 
Because clutches are usually incorpor- 
ated in precision gear trains, they are 
required to have mechanical toler- 
ances consistent with gearing accura- 
cies. These tolerances relate to square- 
ness of shaft with mounting surface, 
shaft run-out, radial play in bearings, 
and concentricities. Synchromount con- 
struction is relatively standard. Zero 
backlash between engaging clutch 
shafts is usually specified for highest 
accuracy and to avoid closed loop in- 
stabilities. Clutch friction provides 
additional torque loading which may 
contribute to servo starting friction es- 
pecially at low temperature where 
lubricant viscosity increases. While a 
measure of safety is provided by the 
ability of the clutch to slip under ex- 


an outstandi 





























cessive load (should the low speed end 
of the gear train jam up), it is not 
recommended for this function, and 
separate friction clutches should be 
used. The settings of the friction 
clutches and their location in the gear 
train must be compatible with the 
drive clutch settings, so that the frie 
tion slip clutch always slips first. Some 
times in sensitive miniature servomech 
anisms where a fair amount of load 
friction is present (such as from a l¢ 
turn potentiometer driven at high 
speeds) the location and setting of 
drive clutch and slip clutch become 
complex problems. This is accentuated 
by the wide spread in slip torque ovet 
the environmental range and during 
the life of the slip clutch, particularly 
at low torque settings. 

The inertias of the clutch membef) 





the clutch is driven at high speed 
Clutches may be used as speed chang’ 
ers in “multiple-mode” servomecha 
isms where very high slew speed may 
be required, together with slow track 
ing speed. (Bowmar Instrument ané 
lately other manufacturers have de§| 
vised miniature precision gearheads§} 
with built in clutch-type gear changets 
However, these useful devices are stil 
quite costly. 

There is one precaution to 
taken in designing two-speed systems§/ 
namely that gearing should not beg 
driven backward. Since this possibility" 
does not normally occur, it may 
overlooked by the gear train designer. 
MARCH 1960 
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BOURNS 
TRIMPOT 
WITH 
BUILT-IN 


TEMPERATURE 
STABILITY 


Stable settings under extreme temperature conditions is 
/a outstanding feature of the Trimpot® potentiometer. This thermal stability is built-in through all phases of design and production— 


MATCHED COEFFICIENTS OF THERMAL EXPANSION _ THERMALLY STABLE CERAMIC MANDRELS 
istance ighteos and pokes} have matched | coefficients of thermal Bourns takes advantage of high thermal stability of ceramic materials 
ansion to reduce the “strain gage " Linear expansion rates for element mandrels. Today, all Bourns Trimpot potentiometers pro- 
i aa ony mate 0 doa eek Oe perature 


vide the improved performance and reliability afforded by ceramic 
Her for the entire wirewound materials. 


Ls >I 


qj 



























_ oust TENSION CONTROL EQUIPMENT 


godess poli an ar ge ora —_ equipment that provides 

pec goat and precise control tension during winding operations. 
enti Sheking™ othe wie. o resistance stresses never occur. 
to Instead the wire remains uniform—well able to withstand temperature 
. i no appreciable change in. resistance. 






EXCLUSIVE SILVERWELD® TERMINATION 
d is an actual metal-to-metal fusion of element w 
' mechanical « 





angels: § 


are 
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sibility 
may be 
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6136 MAGNOLIA AVE , RIVERSIDE, CALIF. 
PLANTS: RIVERSIDE, CALIF. AND AMES, [OWA 


Exclusive manufacturers of Trimpot®, Trimit® and E-Z-Trim®. Pioneers in transducers for position, pressure and acceleration. 
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For 100% »~ 


‘~, Reliability Effort | 





=f 





ARE You 
MEASURING... 


¢ Actual life span of 
your equipment? 


¢ Consumption of rated 
life of critical equip- 
ment or components? 


e Mean-time-to failure? 


You can reduce the odds against failure 
by constant monitoring and timely replace- 
ment of equipment approaching the end of 
assured performance ... by thoughtful 
application of the... 


WALTHAM 
SUB-MINIATURE 
ELAPSED TIME INDICATOR 





MODEL 
WT-1 
Actual 
Size 










146" 0.0.x 1'SAs” 3 OZ. 





10,000 Hour Total Readout 
(Easily Read to Closest Hour) 





400 CPS 








Whether it's for reliability and life testing, 
design or system analysis, utilization studies 

. or to continuously monitor and log 
critical equipment or components . . . when 
you incorporate the Waltham WT-1 in your 
plans, you add that “measure of reliability” 
so important for military acceptance. 


The WT-1 meets MIL-E-5272A 
and is available “FROM STOCK” 
Write Now for Bulletin 5001! 


WALTHAM 
VSS" 


PRECISION INSTRUMENT 
COMPANY 
Waltham 54, Massachusetts 

CIRCLE NO. 60 ON INQUIRY CARD 


66 





COMPONENTS * 
¢ DIGEST 


Specifically, there are certain arrange- 
ments of two speed gearing using a 
duplex clutch where some gear meshes 
may be driven backward so that an 
uncoupled clutch member is driven at 
high speed, leading to high friction 
and inertia. This problem is avoided 
by inspection of possible solutions. 

With respect to environment, clutch 
type devices generally can meet speci- 
fications comparable to other rotating 
components of the servomechanism. 

A-c excitation: Magnetic clutches 
may be energized on a-c through suit- 
able rectifier circuitry. The major dif- 
ficulty encountered in high speed low 
line frequency applications is dither 
resulting from the pulsating character 
of the rectified current, although some 
smoothing is provided by coil induc- 
tance. 

Unfortunately, filtering circuits in- 
troduce time delays which must be 
added to those already occurring with- 
in the unit. Table I shows variation in 
response time for some standard sizes 
of Simplatro]l a-c energized clutches 
under different energization conditions. 

Remarks On Questionnaire: Most of 
the information received from clutch 
manufacturers based on a question- 
naire sent out by ELECTROMECH- 
ANICAL DESIGN, has been incorpo- 
rated in the preceding text. This sec- 
tion contains additional detailed re- 
marks, 

Major performance problems are re- 
lated to maximizing output torque, ac- 
cording to Reeves Instrument Corp., 
Warner Electric Brake and Clutch Co., 
manufacturers of commercial clutches 
designed for appreciable slipping re- 
gards the dissipation of heat as the 
biggest problem. 

Manufacturers generally agree that 
lapping, surface treating, and plating 
are essential to reliable clutch perform- 
ance. Shielding from anti-friction con- 
taminants such as oil is essential. 

Reeves points out that temperature 
and humidity relating to viscosity of 
lubricants and expansion coefficients 
are primary environmental problems. 

Warner Electric avoids specifying 
life because of the extreme varietv of 
potential applications in industry. They 
do have favorable customer reaction 
in the field. 

Guidance Controls Corp. provided 
information on mechanical design 
problems and their solution. They 


listed fastening problems  associatyj 
with the springs as most cum 
Staking, cementing, and riveting a 
involved. 

Dynamic Instrument Corporatiq 
listed initial design problems in achiey. 
ing their low breakaway (drag) ty. 
ques and high output torques. The gp. 
lution was found by designing thei 
units so as to introduce the magnet) 
flux both axially and radially therely 
reducing the magnetic thrust loads 
the bearings which resulted in loy 
oo torques and long reliabk 
life. 

In the Guidance Controls design, th 
magnetic path was “insulated” frop 
the bearings when early experience} 
revealed electrolytic corrosion result 
ing from voltages generated by th 
balls rotating in a magnetic field. 


MASTER CHARTS 





Miniature Precision Magnetic Clutchg 
And Brakes And Related Devices- 
The Master Charts on the following 
sheets are intended to provide th 
application engineer with an over 
view of what’s available. Data fron 
leading manufacturers is tabulated i 
uniform notation for convenient com 
parison. Due to the large variety ¢ 
clutch-type devices, only representative 
information is provided. The manufa 
turers should be consulted directly i 
finalizing a component selection. 

In the interests of simplicity certain 
compromises in presentation have beet 
required. Overly specialized data ha 
been omitted. Some  redundaney 
in the original catalog material hw 
been avoided. Frequently input aml 
output shafts may be reversed, wil 
corresponding changes in ratings. TW 
engineer must read the tabulated dati 
with understanding. 

Absence of data indicates that thi 
information was not available from th 
manufacturer. Some manufacturers é 
not like to specify life, for example 
until operating conditions are com 
pletely known. Other difficulties ari 
from differences in definition or me 
surement of certain items such # 
time constant, or even length. Fw 
these reasons, use these tables only! 
get a good start. 

As mentioned in the introductid 
we are restricting these tables to mit 
ture precision friction disc — clutel 
with stationary coils such as are 
in servomechanisms and complex 
tromechanical assemblies. 
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ngs. 

me dat e C-125-Clutch-64 oz. in. 
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Summary of Physical and Performance Characteristics of Clutches and Brakes 




















AUTOTRONICS, INC. 

1. Model = B-4B-6 B-8 B-l0 BF-4 BF-6 BF-8 BF-10 MB-4 MB-6 MB-8  MB-l0 

2. Type of Device -- Brake Brake Brake Brake Brake Brake Brake Brake Cl. Br. Cl. Br. Cl. Br. Cl. Br. 

3. Diameter Inches . 594 . 827 1.090 1.370 .594 .827 1.090 1.370 .594 . 827 1. 090 1. 370 

4. Length Inches .810 1.140 1.390 1.493 .882 1.240 1.485 1.620 .810 1.140 1.390 1. 493 

5. Clutch Torque § Ounce Inches -- -- -- -- -- -- -- -- 2.0-d 8.0-d 16.0-d 30. 0-d 

6. Brake Torque Ounce Inches 4.0-e 16.0-e 32.0-e 60.0-e 2.0-d 8.0-d 16.0-d 30.0-d 2.0-e 8.0-e 16.0-e 30. 0-e 

7. No Load Torque Ounce Inches’~ .05 .10 .15 .20 -- -- -- -- .10 . 20 . 50 . 50 

( unenergized) 
8. No Load Torque Ounce Inches -- -- -- -- «2 a) . 50 . 50 .05 .10 25 .25 
( energized) 

9. Inertia (Input A) Gm-Cm? . 34 1.6 5. 6 13.8 . 68 4.0 13.3 28.3 - 45 2.8 8.5 15.1 

10. Inertia (Input B) Gm-Cm? -- -- -- -- -- -- -- -- -- -- -- -- 

11. Inertia (Output) Gm-Cm? -- -- -- -- -- -- -- -- . 34 Bey 5. 6 14.0 

12. Power Input Watts 2.5 3.5 4.0 4.5 2.5 3.5 4.0 4.5 2.5 3.5 4.0 4.5 

13. Response Time Milliseconds 4.8 9.5 27.0 32.0 6.5 8.0 27.0 32.0 5.3 11.0 27.0 35.0 

14. Life Operations Over 10° cycles at 60 cps. (through MB-10) 

15. Remarks ca Brakes when energized. Brakes when deenergized. Input gear flange clutch to output when 
deenergized. Input free, output braked 
to housing when energized. 

DYNAMIC INSTRUMENT CORP. 
Units 

l. Model -- D-MC-5 D-MC-8 D-MC-ll D-MC-13 D-MC-18 D-MB-5 D-MB-8 D-MB-11 D-MB-13 D-MB-18 

2. Type of Device -- Clutch Clutch Clutch Clutch Clutch Brake Brake Brake Brake Brake 

3. Diameter Inches . 594 . 827 1. 090 1.370 1. 750 . 594 . 827 1. 090 1. 370 1. 750 

4. Length Inches . 882 1.240 1.485 1.620 1.930 .810 1.140 1.390 1.493 1. 805 

5. Clutch Torque Ounce Inches 5 25 60 120 240 -- oo ae ais ws 

6. Brake Torque Ounce Inches” -- -- -- -- -- 6 30 64 130 250 

7. No Load Torque Ounce Inches .02/.03 .03/.05 .03/.08 .05/.10 .05/.10 .03 .05 .05 08 08 

( unenergized) 
8. No Load Torque Ounce Inches .03 .05 .05 . 08 .08 -- -- iste aie = 
( energized) 

9. Inertia (Input A) Gm-Cm* 22 1.05 3.5 10. 6 36 et | 1.04 3.6 10.6 36.2 

10. Inertia (Input B) Gm-Cm? -- -- -- -- -- -- +e on ee. ms 

11. Inertia (Output) Gm-Cm? . 485 2.2 7.1 19 63 -- = wis — oe 

12. Power Input Watts 2.8 3 3.5 3 5 2.5 3 3.5 4 5 

13. Response Time Milliseconds 5 10 28 34 40 5 10 28 34 40 

14. Life Operations -- -- -- -- -- -- -- _ aa ae 

15. Remarks Unenergized torque values for individual shafts. 

FAE INSTRUMENT CORP. 
Units 

1. Model sd F-4 F-5 F-6  F-li1 F-12 F-13  F-19 F-20 F-23  F-24 F-28 

2. Type of Device dt Brake Brake Brake Cl.Br. Cl. Br. Cl. Br. Clutch Clutch Clutch Clutch Brake 

5s ies Inches 1-Yi6 1-Y16 1-16 1-Y16 1-Y16 1-16 1.75 1.75 1.75 1.75 1.75 

+ tek or 1-494 1-49/64 1-494 1-494 1-4964 1-494 2-18 2-8 2-1/8 2-18 2-1/8 

5. Clutch Torque Ounce Inches ~~ ae a 60 8 80 40 80 50 -- 

6. Brake Torque Ounce Inches 12 35 80 8 8 16 ‘a has = = 2 50 

7. No Load Torque Ounce Inches - 03 . 03 . 03 . 03 . 03 . 03 . 03 . 03 . 03 . 03 . 03 

( unenergized) 
8. No Load Torque Ounce Inches .08 . 08 . 08 . 08 . 08 . 08 .10 .10 .10 . 10 -- 
( energized) 

9. Inertia (Input A) Gm-Cm? 2.2 2.2 2.2 2.35.3 224.3 2.25.3 9.2/25.6 9.2/25.6 9.2/25.6 9.2/25.6 9. 1-d 

10. Inertia (Input B) Gm-Cm?* a si = = — =e aa ae =< wi 

11. Inertia (Output) Gm-Cm* ia as = ‘8 = . = = aos ia = 

12. Power Input Watts 3 3 3 3 3 3 3 3 3 3 3 

13. Response Time Milliseconds 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 3-7 

14. Life ‘ Operations wala = a, “ i a on == -- -- -- 

15. Remarks 23 25 aas 126 1246 12786 49 11 12 911 2W 40M 11 Will BB 5 
Remarks: ‘Inertias shown for uncoupled and coupled shafts *Max. recommended speed. 7500 rpm “Brakes until signal applied 
when energized "Declutches when energized “Output brakes *Single end “Double end “Engages when energized” Inertias are 
output when de-energized “Brakes when de-energized 
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akes * . * 
Summary of Physical and Performance Characteristics of Clutches and Brakes 
(Cont. ) 
— 
10 AUTOTRONICS, INC. (Cont. ) 
ae 1. C-4 C-6 C-8 C-10 CF-4 CF-6 CF-8 CF-10 MBB-4 MBB-6 MBB-8 MBB-10 MCC-4 MCC-6 MCC-8 MCC-10 
370 2. | Clutch Clutch Clutch Clutch Clutch Clutch Clutch Clutch Cl. Br. Cl. Br. Cl. Br. Cl. Br. Dup. Cl. Dup. Cl. Dup. Cl. Dup. Cl. 
493 3 . 594 .827 1.090 1.370 .594 .827 1.090 1.370 .594 . 827 1. 090 1. 370 . 594 . 827 1.090 1. 370 
. O-d 4 . 882 1.240 1.485 1.620 .965 1.350 1.628 1.740 1.436 2.050 2.516 2. 738 1. 581 2.271 2. 753 2. 986 
.O-e 5. 3.5 14.0 -32.0 56.0 2.0 8.0 16.0 30.0 3.5 14.0 32.0 56.0 3.5 14.0 32.0 56.0 
0 6 -- -- ne “- -- -- -- -- 3.5 14.0 32.0 56. 0 -- -- -- -- 
7. .05 .10 .10 - 10 . 05 . 20 . 50 . 50 .05 .10 .10 .10 .05 .10 .10 . 10 
5 
8. .05 . 25 . 50 . 50 -- -- -- -- - 15 | .50 .50 .05 . 25 . 50 . 50 
1 
af 9. 47 3.7 13.0 19.3 . 45 2.8 8.5 15.1 - 45 2.8 8.5 15.2 - 45 3.7 13.0 19. 3 
0 10 -- a o~ «= -- -- -- -- -- -- o- we .45 a. 13.0 19,3 
5 li. 7.40 1.6 5.4 13.5 -36-d 1.8-d 5.4-d 14.1-d .51 2.6 8.7 23.8 -61 2.6 8.7 23.7 
6 i 12.5 3.5 4.0 4.5 2.5 3.5 40 4.5 2.5/coil 3.5/coil 4.0/coil 4. 5/coil 2.5 3.5 4.0 4.5 
Ww 13.4 10.0 24.0 32.0 6.5 8.0 16.0 30.0 3.4 9.5 24.0 32.0 3.4 10.0 24.0 32.0 
6 -10) 
when M4. | Over 10° cycles at 60 cps. (through MgCde coupled when Input, output free-running when deener- Deenergized, 2 inputs and output run- 
raked 15. deenergized; decoupled gized. Energize coil" X" to couple in- ning free. Energizing either of 2 coils 
when energized. put and output. Energize coil " Y" for engages its input to output shaft. 
free-running input, output braked. 
DYNAMIC INSTRUMENT CORP. (Cont. ) KEARFOTT DIV... 
GENERAL PRECISION INC. 
MB- 
. i. -MCSCD-MCSC D-MCSC D-MCSC D-MCSC D-SC-5 D-SC-8 D-SC-11 D-SC-13 D-SC-18 R 5750 R 5750 R 5760 R 5770 
D 
ake -5 -8 -11 -13 -18 -001 -002 -001 -001 
150 2. | Dup.Cl. Dup.Cl. Dup. Cl. Dup. Cl. Dup. Cl. Clutch Clutch Clutch Clutch Clutch Clutch Clutch Br. Cl. Brake 
305 3. . 594 . 827 1.090 1. 370 1.750 .594 . 827 1. 090 1.370 1. 750 1. 062 1. 062 1. 062 1. 062 
4 | .965 1.350 1. 628 1.740 2.042 _965 1.350 1.620 1.740 2.042 145/64 145/64 1-45/64 1-45/64 
’ 5 4/3 16/12 32/24 60/45 120/90 3 12 24 45 90 6-e 6-d 4-e -- 
6. -- <= -- -- -- a -- -- -- aa ee -- 6-d 16-e 
% | .25 15 . 20 25 35 .08 .15 . 20 .25 .35 as -- -- -- 
& | .10 - 10 - 10 . 20 . 20 .05/.05 .10/.08 .10/.08 .20/.15 .20/.15 -- -- -- -- 
2 
% | 50 2.2 7.1 19.0 62.5 .10 . 62 2.1 6.5 15.7 .56-d =. 56-d .56-d =. 34 
10. .10 . 62 2.1 6.5 15.9 ae -- -- -- a . 82-e . 82-e . 82-e ~ 
M. | 21 1.04 3.5 10.6 36.3 59 3.3 10.5 19.2 53.3 ~ -- ée -- 
Bios 3 3.5 4 5 2.5 3 3.5 4 5 3 3 3 3 
oie 11 30 36 42 6.0 11.0 30.0 36.0 42.0 ae -- -- -- 
14, aes _ 
a ai _ a =a -- “- -- -- 3 million cycles at 500 rpm 
* Shaft couples either of two outputs, depending Opens when energized 
upon energization. Torque values are ener- . <————— Drag torque values are for 2 separate shafts 
gized and deenergized respectively. when energized. 
FAE INSTRUMENT CORP. (Cont. ) GENERAL-ELECTRO MECHANICAL CORP. STEARNS ELEC. CORP. 
, . F-29 F-21 F-22 F-25 F-26 FB-25-1 FFC-35-1 FFC-160-1 SFFB-4-1 1.2SM 1.8SM 2.2SM SC No. 2 
2. 
Brake Cl,Br. Cl.Br. Cl.Br. Cl.Br. Brake Clutch — Clutch Clutch Clutch Clutch = Clutch Brake 
: 1.75 1.75 1.75 1.75 1.75 . 900 1.093 1-13/16 sq. .595 7/8 sq. 1-1/8 sq. 1-13/16 sq. 1.375 
4 2-Y8 2-Y8 2-Y8 2-48 2-18 . 530 1/8 1-3/8 850 7/8 1 1-3/8 2. 031 
-- 80 38 80 40 -- 35 160 e 20 32 128 o 
20 12 12 15 15 25 ae ~~ od — o- -- 25 
1. oe 6. ee Ge 8 -- -- low - a -- me 
? -- -- 08 .08 .08 -- 5 3 low e _ - 
' 9 
9.1-e 25.6-e 25.6-e 25.6-e 25.6-e -- 81 406 a as o- -- -< 
10. Be A * = én Mr ms a 
a -- -- os _ —_ 14. 4 27 230 1. 26 S sr v3 ec 
. oe ae 10 10 16 4 16/8 18/8 27/10 17/67 
15, “ yy cae . “a i — = wee Other mounting available. ‘7 
ied “Crown tooth *Brakes when eneetent ‘Clutches -O24hp@ .035hp@ .159hp@ — @ Pre ae . ect pe 
ec: for disengaged and engaged condition "Brakes 1000 Pm 1000rpm 1000rpm = -1000rpm_—— a, Sore emment. 8000 max.rpm. 
el 
1960 69 



































Summary of Physical and Performance Characteristics of Clutches and (Conti 
ont.) 





























































































Units STEARNS (Cont.) REEVES INSTRUMENT CORP. 
1. Model MP No. 3 No.2 SR3066-1 SR3066-2 SR3066-3 SR3066-4 SR3066-5 SR6166-2 §R6166-3 SR6166-5 
2. Type of Device -- Cl. Br. Clutch Clutch Cl. Br. Cl. Br. Clutch Cl. Br. Dup. Cl. Dup. Cl. Dup. ci, 
3. Diameter Inches 1. 750 1. 343 1.75 1.75 1.75 1. 75 1.75 1.75 1.75 1.75 
4. Length Inches 3.938 1. 063 2. 062 2. 062 2. 062 2. 062 2. 062 3.412 3.412 3.412 
5. Clutch Torque Ounce Inches 100 50 80 80 80 16 16 60/10 60 10 
6. Brake Torque Ounce Inches 8 -- -- 3 30 -- 3 -s ns us 
7. No Load Torque Ounce Inches -- -- -- -- -- -- =< -- -- -- 
( unenergized) 
8. No Load Torque Ounce Inches -- -- -- -- oe -- -- -- oe -- 
(energized) 
9. Inertia (Input A) Gm-Cm* -- -- 5.5 5.5 5.5 5.5 5.5 24 24 24 
10. Inertia (Input B) Gm-Cm* -- -- -- -- -- -- -- -- -- -- 
11. Inertia (Output) Gm-Cm? -- -- 7.7 8.2 71.3 7.7 8.2 27 27 27 
12. Power Input Watts 4.2 5.0 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 
13. Response Time Milliseconds 83/17 3912.5- 10/3 10/3 22/3 10/3 10/3 10/3 22/3 10/3 
14. Life Operations -- -- -- -- -- -- -- os - we 
Crown tooth 
15. Remarks Response times Crown- Crown tooth Crown tooth Fric. Frice cle norm. eng'd Crown Friction 
indicate engagement tooth cl. cl.fric.bre nel iii - cle fric. bre other fric. tooth 
and disengagement on — _ “1 Shaft couples to either 
Crown tooth engagement speed, 500 rpm maximum. more torque of 2 end gears. 
REEVES ( Cont. ) ORBIT INSTRUMENT CORP. 
Units 
1. Model -- SR6166-6 SR5066-1 SR5066-4 OR500-G OR800-G OR1100-G OR500-E OR800-E OR1100-E 
2. Type of Device -- Dup. Cl. Clutch Clutch Cl. Br. Cl. Br. Cl. Br. Clutch Clutch Clutch 
3. Diameter Inches 1.75 1.00 1.00 . 594 . 827 1. 090 . 594 . 827 1.090 
4. Length Inches 3. 412 1.313 1.313 . 897 1. 256 1.511 . 897 1. 256 1.511 
5. Clutch Torque Ounce Inches 10/60 25 3 2. 5-d 10. 0-d 20. 0-d 2.5 10 20 
6. Brake Torque Ounce Inches -- -- -- 2. 5-e 10. 0-e 20. 0-e -- -- -- 
7. No Load Torque Ounce Inches -- -- oe . 05 a | me | -- ne aA 
( unenergized) 
8. No Load Torque Ounce Inches -- -- -- 18 2 .25 -- a -- 
(energized) 
9. Inertia (Input A) Gm-Cm* 24 . 59 . 59 47 3.4 10. 2 47 | 10.2 
10. Inertia (Input B) Gm-Cm* -- -- = _ 7 nas st — - 
11. Inertia (Output) Gm-Cm* 27 . 60 . 60 45 1.8 5.9 45 1.8 5.9 
12. Power Input Watts 3.4 1.9 1.9 2.5 3.5 4.0 2.5 3.5 4.0 
13. Response Time Milliseconds 22/3 1/3 1/3 5.6 8 28 5.6 10 28 
14. Life Operations -- -- oo -- ~— ws oe anh aio 
Fric. norm. Crown tooth Friction 
15. Remarks eng'd, other. Deenergized, input and output Shafts engaged when deenergized; 
oe coupled. Energized, input free, free running when energized. 
pimmentng Clutches when output braked to housing. 
‘see prev. col. energized 
ORBIT INSTRUMENT CORP. (Cont. ) OTHER MANUFACTURERS 
Units ; 
1. Model OR500-A OR800-A OR1100-A OR500-D OR800-D OR1100-D STERLING PRECISION CORP. and 
2. Type of Device -- Clutch Clutch Clutch Dup. Cl. Dup. Cl. Dup. Cl. PIC DESIGN CORP. 
3. Diameter Inches . 594 . 827 1. 090 . 594 . 827 1. 090 provide from stock a broad line of 
4. Length Inches . 897 1. 256 1.511 975 1. 352 1. 673 magnetic clutches which are des- 
5. Clutch Torque Ounce Inches 5 20 ‘40 2.5 10.0 20.0 cribed in their standard catalogs 
6. Brake Torque Ounce Inches ee ow on ae as -- along with other servo and bread- ‘ 
7. No Load Torque Ounce Inches 05 .10 .10 .15 .2 .25 boarding equipment. 
(unenergized) GLOBE INDUSTRIES 
8. No Load Torque Ounce Inches 18 . 20 - 25 15 .2 25 WARNER ELECTRIC BRAKE AND 
( energized) 
CLUTCH CO. 
9. Inertia (Input A) | Gm-Cm* . 52 4.1 14.1 “47 ad seg MAGTROL, INC. and 
; ae 
10. Inertia (Input B) Gm-Cm* ” zi ia 52 4.2 14.7 aed ” 
11. Inertia (Output) © Gm-Cm* 45 1.8 5.9 .39 2.0 5.6 se 
also produce lines of magnetic: 
12. Power Input Watts 2.5 3.5 4.0 2.5 3.5 4.0 
clutches. Information supplied by 
13. Response Time Milliseconds 4.2 r 25 5.6 8 28 
; these Companies did not contain 
14. Life Operations ms a vn ane os -- 
Shafts couple when energized; Input " N" clutches output shaft data in the form required for in- 
15. Remarks 
otherwise free. when de-energized otherwise clusion in these charts. 
input " M". 
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what do you need 
to know about..... 


Instrument Servomotors 

Precision Potentiometers 

Electromagnetic and Potentiometer Transducers 
Environmental Testing 

Sensitive Relays 

Connectors and Fasteners 

Analog-Digital Converters 

Electromechanical Switches 

Fractional Horsepower Induction Motors 


Components Digest Handbook One has all of the 
state-of-the-art answers on 200 pages of work- 
aday information covering: 


e fundamental concepts of design, selection and 
application 
master classification charts 
master performance charts 
master selection charts 
special specs for special applications 
design and application formulae 
standard test and procedures and definitions 
special tables and charts 
e selection and design pitfalls 
e failure limits and 
e other design and application facts and procedures 


This remarkable new kind of handbook—the first of 
a continuing series—brings together for the first time 
up-to-date selection and performance factors on im- 
portant components that go into Servomechanisms, 
Computers, Missiles, Aircraft Weapon Systems, Busi- 
ness Machines, Process Control Instruments and 
other electromechanical systems. 


Reserve your copy now! ! 
Available on or about June 25 
Special pre-publication price . . . $5.00 (if check, 


money order or purchase order is postmarked be- 
fore April 29) 


Post publication price 


Components Digest Editor 1 Check or money order enclosed 
ELECTROMECHANICAL DESIGN 
1357 Washington Street O Purchase order enclosed 


West Newton 65, Mass. Sorry, no C.0.D.s 


Please ship, as soon as available . . . copy (s) of 
COMPONENTS DIGEST HANDBOOK ONE at the special pre- 
publication price of $5.00 per copy, if paid in advance. 
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CITY 











To RECEIVE yYouR cory F 


ERO ORAL 
SEHVUMECHANISMS 


IN INDUSTRY... 


a 20 page illustrated discussion 
of components and applications 


CONTENTS: 
DESCRIPTION OF A SERVOVALVE 


Single stage, Two-stage, Three-stage, 
Mechanical feedback, Industrial. 


TYPES OF SERVOVALVES 

Flow control, Pressure control, Pressure- 
flow control, Dynamic pressure feedback, 
Acceleration switching. 


APPLICATIONS OF SERVOVALVES 
Position control: Fixed position control, 
Point-to-point position control, Variable 
position control. 


Velocity controls: Constant speed con- 
trol, Feed-rate control. 


Force controls: Tension control, Pro- 
grammed force control. 


CASE HISTORIES 


Spar mill tracer controls, Printing press 
steering control, Automatic cart steering 
control, Contour cavity mill control, Press 
brake tilt control. 


MOOG 


Does your company have an application for 
electrohydraulic sinvacnatenl? Yes [] No () 


Your comments: 
































Principle products 





MOOG SERVOCONTROLS, INC. 


INDUSTRIAL OIVISION, EAST AURORA, N.Y, 
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New Electromechanical Components 


For Electromechanical Systems 


Sub-Miniature Clutches and 
Brakes 


New sub-miniature clutches and brakes 
are designed for applications wherever 
the size/weight ratio is critical and 
where ultra-reliability is paramount. 
These precision components feature 
zero backlash, zero endplay and 
through a unique design, the elimina- 
tion of slip rings. Clutching and brak- 
ing is accomplished without angular 
displacement or axial motion. Input 
and output shafts are concentric with 
the servo mounting pilot within .0015 
TIR. Precision stainless steel ball bear- 
ings, which are ABEC 5 or better, are 
shielded where exposed. The small 
amount of heat generated by the low 
coil wattage is easily dissipated pre- 
venting evaporation of the lubricant. 
Guidance Control Corp., Hicksville, 
Long Island, New York. 
Circle No. 195 on Inquiry Card 


10 to 100K OHM Trim Pots 


By improved winding techniques, plus 
an exclusive resistance element termi- 
nation, Bourns, Inc. has expanded the 
resistance range of their Model 224 
Trimpot potentiometers up to and in- 
cluding 100,000 ohms. Featuring high 
reliability and subminiature size, the 
units meet all applicable requirements 
of MIL-STD-202A including the 10- 
day humidity of Method 106. Specifi- 
cations include: operating temperature, 
—65°C to +175°C; power rating, 1 
watt at 70°C; resolution, as low as 
0.17%. Bourns, Inc., Riverside, Cal. 
Circle No. 223 on Inquiry Card. 


Remote Temperature Controller 


A new type electronic controller gives 
highly sensitive temperature control 
within 1°F., up to 600°F. The stain- 
less steel sensing element is a very 
small bullet-probe only 1” long and %” 
in diameter. The pre-aged thermistor 
probe may be located in platens, in air 
ducts and in immersion wells up to 100 
feet away from the amplifier-relay 
cabinet using inexpensive light-gauge 
twisted lead wire. Loads up to 10 kw 
can be controlled directly without a 
separate magnetic contactor. The dial- 
plate control is removable from the 
amplifier-relay for remote location up 
to 30 feet away. Edwin L. Wiegand 
Company, Pittsburgh, Penna. 
Circle No. 160 on Inquiry Card 





Miniature Acceleration Switch — 


Miniature, unidirectional, sing : 
switch closes an electric circuit in 
sponse to a preset acceleration 1g 
and resets itself when the accelerat 
drops below the preset value. The 
consists of a gas damped seismic g 
tem with a range of 5 to 60 g, 
accuracy of =5%, repeatability 
+0.25g, a damping ratio of 08 
critical and a temperature range of 


to +250F. Switch is SPST, normal 


open with contact rating of 100 
Unit is hermetically sealed, weighs 
ounce and has dimensions of 1-3/] 
x 7/16” OD. Instruments Div., W. 
Maxson Corp., N. Y., N. Y. 

Circle No. 156 on Inquiry Card. 





Thumbwheel Switch 
A new modular, 10-position bin 
panel space and contains large, 


ability. Only one number at a ti 
is exposed thru the bezel wind 


replaceable in 10 seconds for qu 
servicing and lower mainten 
cost, or with fixed wafers if rem 


able type switch plugs into f 
printed circuit receptables and fixe 


ing terminals. Contacts are preci 
metal alloy. Three or four bit biz 
and complementary outputs can 
furnished. Modular construction per 
mits horizontal or vertical stacking 
Switch is manually operated by %’ 
thumbwheel available in black 
colors for each module. Corrosion 
protected aluminum mounting 
frames are available in variow 
lengths to accommodate up to six 
teen switches. Chicago Dynamic 
Industries, Inc., Chicago, Illinois. 
Circle No. 162 on Inquiry Card 


thumbwheel switch requires only 44’ 


numbers for instant, positive read 


Models are available with wafer 


able feature is not needed. Remot 


type switch is designed with solde 
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complete systems 
capability for 
actuating a specified 
load in response 


to an electrical signal 


If you need an electrohydraulic servoactuation system, look to Moog for complete 
system design and production capability. Moog can supply an integrated package 
actuation system to meet your performance requirements, including amplifiers, 
servovalves, actuators, and necessary hydraulic and electrical power supplies. This 
integrated package approach can achieve an economy of space, weight and 
production cost not possible with conventional ‘‘component-oriented”’ systems. 


WRITE OR CONTACT MOOG FOR DETAILS. 


Fe MOOG SERVOCONTROLS, INC. PRONER AIRPORT, EAST AURORA, N. Y: 


llinois. 


Sard LEADING 


MARCH 1960 
CAL DES 


INNOVATOR AND PRODUCER OF ADVANCED ELECTROHYDRAULIC SERVOVALVES 
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GUARDIAN, 
IMPULSE RELAY 


featuring 


SERIES 










































REDUCED COSTS 


bronze 
driving pawl 
GREATER EFFICIENCY ———a— cond stop 


flat phosphor bronze 
return spring 








[nl 


molded nylon bobbin nylon ratchet and cam 


positive non-jamming stop 


unique features of Guardian's Series 670 

Impulse Relay insure trouble free operation well in 

excess of one million steps. Each momentary impulse 

(up to 10 steps per second) causes relay to 

reverse its cam actuated contacts. Contact arrange- 
See these ments up to D.P.D.T. and ratings to 1500 watts 
and other weu non-inductive, or up to 20 amperes locked motor 
products at current, motor load control on 115 volts, 60 cycles. 





seme 4 Coil voltages to 230 VAC or 110 VDC. 
1.R.E. Show Applications include on/off control of lights, motors, 


appliances and speakers, among others. 


Write for information on these and other Guardian Controls 





Rotomite Series 2505 6 P.D.T. No. 24 A.C. 
Continuous Duty Stepper Hermetically Sealed Relay Midget Solenoid 


GUARDIAN WY ELECTRIC 


MANUFACTURING COMPANY 


1641-C W. WALNUT STREET, CHICAGO 12, ILLINOIS 
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COMPONENTS 





Miniature Coaxial Switch 


A miniaturized coaxial SPDT Switch 
said to be the smallest on the marke, 








maintains all the electrical and m 
chanical features of normal coaxij 
switches. The new switch for 50 oby 
cable is designed so that it can be & 
rectly inserted into a miniaturized 
cuit without adapters. Positive togg) 
action assures proper switching actig 
and panel mounting provides easy jp 
stallation. Mating connectors are avai, 
able for application at, above, or beloy 
400 mc. VSWR is less than 1.2 to? 
kmc and insertion loss is 0.5 db at 9 
kme. Voltage rating is at 1500 vol 
maximum (60 cps) and crosstalk 4 
better than 60 db to 2.0 kmc. Operatiy 
life is at a minimum of 50,000 cycle 
The switch weighs only 1% ounce 
Microdot Inc., So. Pasadena, Cal. 


Circle No. 204 on Inquiry Card. 


Low Cost Pressure Transducer 





Low cost gage and absolute pres 
transducer, designed for “off-the-she 
delivery has pressure ranges of 0-] 
to 0-2500 psig with resistances of Ik 
2K, 5K and 10K, +5%. Weighing o 
10 ounces, it is built for operation 
an ambient temperature range 
—40°F to +275°F. Overall accuraci 
combining the effects of linearity, 
teresis, static friction and _ resoluti 
are in the order of 2.5% or better. 
tinuous power rating is 1 watt at 68° 
and 0.75 watt at 165°F. Conforms 
environmental requirements of MIL 
5272B. Edcliff Instr., Monrovia, Ci 


Circle No. 198 on Inquiry Card. 


Pneumatic Control 





A variable speed drive called Servotra 
fitted with a diaphragm for vacuum @ 
pressure control is ideal for pneumati 
control because only a couple of ine 
ounces pressure on the control shaft 
required to change speed. Speed 
trol over the range from full spe 
forward to full speed reverse } 


| achieved with a pressure range of # 
| proximately 0 to 10 in. of water. 


drive can also be furnished wi 
smaller diaphragm for much hight 
working pressures. Horsepower ral 
varies from 1/1000 to 1/100 hp 
the way up to 1/10 hp. A husky 48 
model is offered for smaller sp 
ranges. Humphrey Products Divisid 
San Diego, California. 


Circle No. 218 on Inquiry Card. 
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THE SYMBOL OF A MOST 
UNUSUAL NEW DEVELOP- 
MENT BY CANNON 


Meet MORPHO—he represents the 
most versatile plug you ever saw! 
MORPHO is Cannon Electric Com- 
pany’s unusual new development for 
meeting many industrial and military 
requirements inexpensively. Check 
these featuresl= Crimp-type contacts 
supplied loose for crimping with a 
simple hand tool, or in belts for crimp- 
ing with a semi-automatic tool # Eas- 
iest installation ever, just snap into 
insulators, module insulators de- 
signed for alternate positioning for 
maximum adaptability s Hermaphro- 
dite design, contacts and insulators 
can be used in either plug or recep- 
taclel MORPHO plugs have been 
tested to severe requirements, are 
available in different configurations 
with a wide range of contact layouts. 
Write for Catalog MH-1 today and 
meet MORPHO for yourself...another 
reason why you should always con- 
sult the first name in plugs — why 
you should consult Cannon forall your 
plug requirements, 


Meet MORPHO at the IRE show, 
booths 2628-32 


i 





PROJECT 






It takes less than a minute. But it 
could be the biggest project of your life 
when you dial CRestview 4-8884. Your 
future is literally at your fingertips, and 
it’s an opportunity-filled future with the 
Bedford Laboratory of Raytheon Com- 
pany in Bedford, Massachusetts. In this 
key laboratory of Raytheon Company’s 
Missile Systems Division a man can 
literally ‘“‘pick his spot’. Ability is 
quickly recognized . . . achievement re- 
warded. And, working and living condi- 
tions are the finest available . . . in the 
heart of New England. If YOU can qual- 
ify for one of the following positions, act 
NOW! 


Immediate Openings for: 


Data Handling Engineers . . . with ex- 
perience in high speed, analog-to-digital 
conversion techniques, logic design, con- 
verter and buffer design. Should have 
thorough knowledge of tape recorder 
techniques and digital, servo, and digital- 
computer design. 

Circuit Design Engineers. . .withexperience 
in design of high-speed switching cir- 
cuits, pulse techniques, and computer 
logic. Should be experienced in one or 























more of the following areas: navigation, 
guidance, control circuits, CCM, FM, 
PCM, PDM, and fusing circuitry. 
Packaging Engineers . . . with a knowl- 
edge of packaging and production tech- 
niques in sheet metal and electronic 
equipment. Will design electronic por- 
tions of guided missiles, radars, com- 
puters, test equipment. Should have 
thorough knowledge of circuitry. 
Electromechanical Designers . . . will de- 
sign electromechanical equipment and 
electronic portions of guided missiles, in- 
cluding coordination of effort through 
the shop. Will work closely with Design 
Engineers in developing electronic pack- 
aging philosophies. Knowledge of elec- 
tronics, electronic components, and abil- 
ity to read schematics required. Should 
have experience in sheet metal equipment 
design and knowledge of current “‘state 
of the art’’ in electronic equipment. 

Call collect CRestview 4-8884 
and ask for Mr. Jerry Morris. He 
will arrange an appointment for you 
with key personnel at the Bedford 
Laboratory. If you prefer, send your 
postcard or letter to Mr. Morris, 
Raytheon Company, Missile Sys- 
tems Division, Bedford, Mass. 


MISSILE 
SYSTEMS 
D/V/ISION 
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-«» Creates a climate for talent. 
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Shaft Position Encoder 


Accurate to one part in 1,000, per sin- 
gle turn of input shaft, 6” diameter 
analog to digital converter provides 
three decimal digits in binary coded 
decimal for each revolution of input 
shaft. Other models of this family pro- 
vide greater resolution through multi- 
ple shaft rotation and internal cascad- 
ing of down geared code discs in ratio 
of one shaft revolution for each 1,000 
counts. These include a 10,000 count 
10-turn’ encoder, and a 100,000 count 
100-turn encoder, and a_ 1,000,000 
count 1000-turn encoder. All units fea- 
ture internal self-selecting V-brush 
logic for ambiguous readings, rela- 
tively long life and a high degree of 
reliability. Applicable MIL specs are 
met. Norden Div., United Aircraft 
Corporation, Stamford, Conn. 


Circle No. 225 on Inquiry Card. 


Free Gyro 


Highly reliable, two-degree-of-freedom 
gyro uses ac synchro transmitters lo- 
cated at each gimbal axis to provide 
extremely accurate angular displace- 
ment information. A. C.  torquers 
mounted at each gimbal axis permit 
command positioning or slaving of spin 
axis to desired reference position, and 
each torquer is capable of producing 
a precession rate of 360°/minute with 
12.5 watts/phase power input. The 
squirrel cage, induction-type motor of 
this unit is designed for minimum size, 
fast runup ability, and low power con- 
sumption at operating speed. This free 
gyro is designed to operate without 
diminished performance in extreme 
shock, temperature, and vibrational en- 
Vironments. Kearfott Company Inc., 
Clifton, New Jersey. 


Circle No. 184 on Inquiry Card. 


1/2” Linear Motion Potentiometer 


Anew %” linear motion potentiometer 
with a temperature range from —65° 
to 275° has been designed specifically 
for internal installation in hydraulic 
actuators. Capable of withstanding vi- 
bration to 35 g, critical elements of the 
pot are isolated and oil sealed within 
“ high-strength alloy case. Specifica- 
tions include: ranges %” to 12”, 
linearity 0.5% of full range, overall 
length 1.875” plus travel and MIL-E- 
9272-A for sand, dust, humidity, etc. 
Mountings or electrical connections 
can be modified for particular require- 
ments, Servonic Instruments, Inc., 
Costa Mesa, Cal. 


Circle No. 128 on Inquiry Card. 
MARCH 1960 








We put a lot of quality {n our relays. We start with skilled design and 


quality materials. Then we add precision workmanship, modern 
roduction techniques and rigid inspection. The resulting relays are 
g g y 
top quality units, outstanding in performance, dependable in 


operation. This extra quality you get from Comar costs no more, but it 


does pay big dividends. Next time you need quality relays— 


a 
; 









CcCormar 











visit 
BOOTH 2927 
AT THE SHOW 


3349 ADDISON STREET 


CHICAGO 18, (CLINGS 
RELAYS * SOLENOIDS ¢ COILS * SWITCHES * HERMETIC SEALING 
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ELECTROMECHANICAL 
COMPONENTS 





Electrohydraulic Servo Valve 


A unity-coupled shear orifice, electro- 
hydraulic servo valve, capable of 
optimum performance in severe en- 
vironments, consists of only two mov- 
ing parts: a spool and a sliding fork 
integral with a torque motors arma- 
ture. Of titanium construction, this 
valve has large, full-opening “shear 
seal” orifices which virtually eliminate 
silting problems, while high shear 
forces easily clear the valve of con- 
taminants. Essentiaily a two-stage four- 
way control valve; the first stage con- 
sists of an electrical torque motor and 
hydraulic amplifier, the second con- 
sists of a precisely matched spool and 
sleeve arrangement. The manner in 
which these two stages are coupled is 
unique. Hydromechanical unity feed- 
back relates spool position to torque 
motor armature position and also nulls 
out the affects of orifice variations 
produced by fluctuations in supply 
pressure and temperature. Hydraulic 
centering of the pilot position is ac- 
complished without the spring hys- 
teresis and null shift commonly en- 
countered in valves using the force 
feedback principle. Final null adjust- 
ments are made electrically by a bal- 
ancing contro] at the amplifier output 
stage. Kearfott Company, Inc., Clifton, 
New Jersey. 
Circle No. 169 on Inquiry Card 


Magnetic Readout Digital Encoder 


A new shaft-position digital encoder 
with 13 bit binary output employs a 
unique, noncontacting magnetic read- 
out. Only bearings and gears affect 
life permitting operation in any en- 
vironment, at speeds up to 10,000 rpm. 
and with any number of readouts with- 
out effect. The readout method em- 
ploys subminiature, ferrite toroids 
mounted above, but not touching, code 
tracks of magnetized spots on barium 
ferrite disks. Two disks are used, a 
27 disk connected to a 2® disk through 
a 64:1 gear reduction. As a toroid 
readout head enters the magnetic field 
of the code spot, it saturates and its 
impedance drops. When the head is 
interrogated by a constant current 
pulse train, an output is obtained only 
when the head is unsaturated, i.e. 
outside the influence of a code spot. 
Because of the singular geometry of 
the field and toroid, no emf or spurious 
pulses are generated when the shaft is 
rotating, and there is no shaft load. 
ASCOP, Inc., Princeton, N. J. 

Circle No. 135 on Inquiry Card 
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Millimeter-Wave Ferrite 
Components 


A unique line of millimeter-wave fer- 
rite components is available to the 
engineer working in the V-Band, cover- 
ing 60-75 KMC. Lightweight and 
miniaturized each component will with- 
stand pressurization to 30 psi. The 
ferrite isolator operates as a non- re- 
ciprocal 45° rotator with a permanent 
magnet suppling the bias field. Isola- 
tion is larger than 17 db over at least 
a 3% band with insertion loss less than 
.6 db. The ferrite on-off switch or vari- 
able attenuator is a low-power light- 
weight fast-operating switch with high 
ivolation when off, low loss when 
turned on. Switching is accomplished 
by a coil in 1 to 2 microseconds. A 
ferrite circulator is a lightweight four- 
port device using polarization rotation 
as the basic non-reciprocal element. A 
non-reciprocal 45° rotator combined 
with dual-mode transducers plus input 
and output taper sections make up the 
complete circulator. Peak power un- 
pressurized is 10 KW, average power 
2 watts. A ferrite high-power reciprocal 
switch operates by means of a ferrite 
rotator and a dual-mode transducer so 
that an input signal may be switched 
to either of two arms. Switching time 
is 1 to 2 microseconds. Peak power is 
at least 10 KW, unpressurized. T.R.G., 
Inc., Somerville, Mass. 
Circle No. 151 on Inquiry Card 














Terminal For Miniature Circuitry 


A new push-in terminal for 1/16” 
round holes is available. The term- 
inal holds firmly when pushed in by 
hand and need not be staked. As 
many as six leads may be connected 
to it in the three possible directions. 
Even though small in size it is rug- 
gedly built of heat treated beryHium 
copper with a fused tin finish for 
good soldering. Vector Electronic 
Company, Glendale, California. 
Circle No. 186 on Inquiry Card 

















Modular Temperature Scanner 











A new modular temperature scanp 
precisely monitors up to 50 modu 
assemblies of temperature-sensitive ¢} 
ments (thermocouple or thermistg) 
The modules consist of relays and y 
tentiometers, mounted on a Plug 
base. Each module is a complete w 
identical in design and configurati 
to every other module. New poi 
may be added by plugging in 
module and connecting the  seny 
leads. If more than 50 points are 
quired, additional scanners can 
used. No critical circuits are inte, 
rupted if a module is removed. Eag 
module may have a different temper 
ture limit. The scanning _ indicafj 
(meter relay) reads each point x 
cessively and sounds an alarm apf 
lights the numbered module of ay 
point exceeding the limit. The scann 
continues to scan all points below th 
trip level, regardless of how may 
have exceeded the alarm point. Tipp 
tronic, Inc. Chagrin Falls, Ohio. 
Circle No. 139 on Inquiry Card 













Round Chart Recorder-Controll¢ 





A new round chart recorder with 
curacies of +%% contains compo 
that are interchangeable with those 
existing strip-chart models. The 
balance potentiometer-type r 
has a minimum accurate scale span 
1 millivolt de. Response times a 
able are 4, 10, and 24 seconds 
scale. A zener diode, which elimi 
use of a dry cell or standard cell 
supply, gives a constant voltage 
ence accurate to +0.05%. The 
portion of the recorder features 
vidually adjustable, trip switch 
General Electric, Schenectady, NV. 
Circle No. 221 on Inquiry Card. 


Relay Actuator 



















Based on a design that senses { 
magnetic field created by the cum 
in a wire placed through a hole i 
toroid, this unit gives relay ac 

as low as 4.5 amps, depending ont 
characteristics of the relay used. 7 
actuator has no moving parts, eli 
nates mechanical timers normally w 
in such applications as welding, 
has no upper current limitations; 
can be used for alternate and ditt 
current systems. Extremely easy # 
mount, the current carrying wire! 
slipped through the toroid, and 
relay to be actuated is placed in sen 
with the toroid unit. L and B 
tronics, 2424 Sixth Street, Berkel 
California. 

Circle No. 245 on Inquiry Card. 
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enses t 
1e curr WIDE RANGE MODELS Brief Specifications (all models) 
hole ia mops, | D-© OUTPUT REGULATION, LINE OR LOAD: 0.03% or 0.01 V 
actuat NUMBER |Voirs | amps (0.01% or 0.003 V available), 
ng one oa RIPPLE: Less than 1 millivolt rms. 
used. ‘ sg aa ro CIRCUIT PROTECTION: (1) electronic circuit breaker plus (2) electro- 
oh 1032-30 0-32 0-30 magnetic circuit breaker plus (3) input line fused. 
aa eg 0-14 0-30 NARROW RANGE MODELS ALSO AVAILABLE 
& —_ ; oo REQUEST BULLETIN 721A (Revised) FOR COMPLETE SPECIFICATIONS 
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® Registered U. S. Patent Office. Patents Issued and Pending. 
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- ELECTRONIC ENGINEERS © 


COUNTERMEASURE - PROOF 
AIRBORNE COMMUNICATIONS — 





...one of many exciting programs with long-term 
importance attracting engineers to General Electric’s 
Light Military Electronics Department 








Light Military engineers are developing an airborne communications 
system with ability to maintain efficient operation in the face of intense 
and sustained electromagnetic interference. Embodying in its design a 
number of new concepts, this low-weight system possesses long-range 
capability as well as extreme reliability. 


There are Immediate Openings on this Advanced Program 


ECM-Proofed Communications afford unusual opportunities for com- 
munications systems design engineers to make measurable contributions 
in the design of the airborne or space terminal. Within this work program 
there is opportunity to formulate new techniques in RF power genera- 
tion, modulation and coding, including error correction. Additionally 
there are challenging openings for engineers with backgrounds in trans- 
mitter/receiver design, logic design, RF and digital transistor circuit 
design, microwave and cavity design. 


Other stimulating programs under way at LMED on which a number 
of professional staff openings are available include Polaris Fire Control 
and Guidance Computer, ICBM Guidance, Airborne ECM and Airborne 
Navigation Systems. 


Address your inquiry in complete confidence to: 
Mr. Ron Bach, Dept. 29-MC 


Begs 


LIGHT MILITARY ELECTRONICS DEPARTMENT 


GENERAL @@ ELECTRIC 


FRENCH ROAD, UTICA, NEW YORK 


WRITE DIRECT OR CIRCLE 70 ON INQUIRY CARD AND 
INCLUDE HOME ADDRESS 





ELECTROMECHANICAL 
COMPONENTS 





Accelerometer 


Potentiometric-type acceleration tray 
ducer features a broad bandwidth se 
sor 0-10 g’s flat to 50 cps. The uy 





offers especially low static friction an 
high resolution characteristics. The jy 
strument is 1%” x 1%” x 2%” ay 
weighs less than 5 ounces. Avionig 
Corp., Plainview, Long Island, N. Y¥, 


Circle No. 224 on Inquiry Card. 


400-Cycle Unrectified Solenoids 





A linear-magnetic actuator which ope. 
ates without rectification from a 4 
ac power source may be used sing) 
or stack-mounted for multiple perform. 
ance. Available in two sizes, the unit 
have externally adjustable stroke length 
and linear action that may be eithe 
push or pull. The smaller model weigh 
but 1.3 ounces and consumes 13 watts 
the larger model weighs 5.1 ounces ani 
uses 40 watts. Both sizes operate con} 
tinuously at temperatures from —65'} 
to 450°F. B. H. Hadley Inc., Los Ap} 
geles, California. 


Circle No. 259 on Inquiry Card. 


Size 8 Modular Assembly 





A pre-packaged modular assembly @ 
size 8 components consisting of a 
tor generator, gear train, synchro ani 
potentiometer, are accurately alignel 
and calibrated with each other, saving 
valuable time and assuring maximul 
performance for the user. Motor gen 
tor is rated for 26v per phase or wi 
36v center tap control phase; g 
train can be furnished in any ratio 
to 6000:1, synchro has 7 minute 
curacy and potentiometer is availa 
in any resistance up to LOOK. J 
Oster Mfg. Co., Racine Wisconsin. 


Circle No. 199 on Inquiry Card. 









Amplifier/Resolver Module 





A new amplifier/resolver module onl 
3” long consists of a size 8 windilj 
compensated resolver and a dual cha 
nel buffer amplifier within a size } 
frame. Weighing only 8 ounces, & 
unit called the Amplisolver, offers uni 
transformation ratio with zero phi 
shift over a temperature range I 
—55°C to +125°C. Trim adjustmet 
can be made in the field to +2% 
unity transformation ratio. A versal 
design permits adaptation to compl 
ing chain functions. Instrument D 
vision, American Electronics, Inc., € 
ver City, California. 


Circle No. 133 on Inquiry Card 
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air conditioners, liquid coolers and heaters, 


Cord dehumidifiers, wave guide dehumidifiers, laboratory 











temperature and humidity control units. 
CIRCLE NO. 71 ON INQUIRY CARD 















Heli-Coil® Screw-Lock Inserts* lock screws against impact 
and vibration and permanently protect critical tapped 
holes in this transducer assembly. 
































Critical Electronic Controls Get 
Internal-Locking, Protective Threads 


with 


HELLO 


Screw-Lock Inserts 


‘i 
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Electronic control devices for aircraft and missiles, 
like this angle of attack vane transducer made by 
U. S. SCIENCE CORPORATION, LOS ANGELES, 
CALIF., have to withstand severe vibration, impact, 
corrosion and temperature change. They must be 
made of light materials and still have strong threads 
— able to hold fasteners tightly and stand frequent 
Principle of Heli-Coil Screw- assembly and disassembly. 


LOCK Insert. Locki ter coil . " , 
grips eosataine tanta Nein U. S. SCIENCE insures rock-solid screw assemblies 


firmly. by protecting vital tapped holes with one-piece 
internal-locking Heli-Coil Screw-LOCK Inserts. These precision formed, 
stainless steel wire inserts eliminate thread wear, lock screws securely — 
without resort to clumsy, external lock nuts and lock wiring. 


Simple Installation Procedure 
U. S. SCIENCE finds it easy to install Heli-Coil Screw-LOCK Inserts. 
Drilled holes are tapped with a Heli-Coil tap and the Inserts wound in with 
a prewinder inserting tool. Conventional screws are used in assembling 


the unit. r 
Heli-Coil Screw-LOCK Inserts 
@ positively lock fasteners against loos- @permit repeated disassembly and 





ening under impact and vibration reassembly 
@ prevent thread wear, stripping, corro- @can be used in standard proportion 
sion, galling and seizing bosses without need for redesign 


@eliminate lock nuts, lock wiring, @save assembly time, space, weight 
other supplementary locking devices and cost 
@ meet government specs for locking torque and vibration 
*Patented 


HELI-COIL CORPORATION 


DANBURY, CONNECTICUT 

















HELI-COIL CORPORATION, 2703' Shelter Rock Lane, Danbury, Connecticut § 
| Send complete design data on Heli-Coil Screw-LOCK Inserts 4 
1 name TITLE ! 
en 
ADDRESS. i 

CITY. ZONE_____STATE 

Ree a A CL AT ON RT I OEE FN I RK OS A A A TT A SN TE eR 


In Canada: Armstrong Beverley Engineering Ltd., 6975 Jeanne Manse St., Montreal 15, Que. 
CIRCLE NO. 72 ON INQUIRY CARD 
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ELECTROMECHANICAL 
COMPONENTS 





Flush-Mounted Pressure 
Transducer 


A flush-mounted pressure transduce 
with improved high-frequency pe. 
formance is obtainable in pressup 
ranges from 0-100 to 5000 psi gag 
and absolute. Because the pressure sep. 
sitive diaphragm is flush-mounted, j 
can easily measure high-frequeng 
transient phenomena. Provision is mad 
for adjustment of bridge balance, tem, 
perature compensation and sensitivity 
external to the unbonded strain gag 
sensing element. Consolidated Ele. 
trodynamics Corp., Pasadena, Cal. 
Circle No. 220 on Inquiry Card. 


Servo Transducer 

A high-precision, high-torque, ele 
tronic transducer converts pressure, 
liquid level, temperature, mechanical 
motion, etc., into a shaft position for 
operating transmitting slidewires, alam 
switches, analog to digital encoder 
deviation contacts, etc. The sensing 
element may be a capsular element, 
it may be a helical element or a dit 
ferential pressure unit. The motion 
transmitted from the sensing element 
through a linkage positions the core of 
a differential transformer. The coil i 
repositioned through a _ mechanical 
feedback system to return the electricd 
system to balance. Remote readout is 
achieved through a retransmitting slide. 
wire. Readout is any function of the 
measured variable, as determined by 
the type of cam used in the rebalance 
ing system. Bristol Company, Water 
bury, Conn. 

Circle No. 153 on Inquiry Card 


Feedback Servoactuator 


A new line of electrohydraulic serve 
actuators employs mechanical feed: 


. back. Feedback of piston position t 


the armature of the input force moto 
is accomplished by springs togethe 
with a precision motion reductive de 
vice. Error or difference between tht 
input force and the spring feedbac 
force is amplified by a variable orifict 
hydraulic amplifier, the output @ 
which positions a sliding spool valve 
that supplies flow to the servopiston 
With this arrangement, the actuatot 
position is proportional to the d-c input 
current. Piston areas to 3 square inché 
and strokes to 4 inches are availa 
with open loop gains as high as 12 
Sec-1, Moog Servocontrols, Inc., Ea# 
Aurora, New York. 

Circle No. 226 on Inquiry Card. 
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STANDARD AND SPECIAL PURPOSE POWER SUPPLIES FOR 


trol systems, transistor powering, computer systems, test equipment, guided missile circuits 
rcraft electronics, telemetry circuits, DC filament supplies, magnetic amplifier references, bias sources 












































































































































































































































































ansduce 
cy per 
are TRANSISTORIZED AC TO DC 
P‘l gage 
sual ELASCO MINISOURCE® 
unted, jt POWER SUPPLIES 
requency FIXED AND SEMI-VARIABLE 
1 is made 
ace, tem. 
ensitiyj TRANSISTORIZED 
re vity Higher current capabilities in a smaller 
ain Gage lighter package . . . greatly improved effi- 
ad El ciences and reliability . . . less heat per watt 
‘ eo input . . . no filament power losses . . . re- 
Cal. duced transformer and rectifier losses .. . 
rd no warmup time . . . longer life. 
PLETE SERVICEABILITY 
stare accessible for checking and FIXED MINISOURCE SEMI-VARIABLE MINISOURCE 
ness <i. Pon atarg incespareted for MODEL VOLTAGE © CURRENT CASE SIZE MODEL VOLTAGE © CURRENT CASE SIZE 
e compact packaging. M4.5-50 4.5v. 50 ma B V4-50 3-6v. 50 ma B 
1€, ele 
pressure tie saan vanneren — 2 100 ma B v4-100 3-6. 100 ma B 
echanical Accomplished by mounting the power tran - sa SV. 250 ma B V4-250 3-6v. 250 ma 8 
sition f sistor on the geometric center of the black M4.5-500 4.5v. 500 ma B V4-500 3-6v. 500 ma B 
or anodized aluminum housing, which becomes M6-50 6v 50 ma A 8-50 5-10v 50 ma a 
res, alarm an efficient black body radiating heat sink - ; 
d . Better heat transfer assures more accu- M6-100 6v. 100 ma A V8-100 5-10v. 100 ma A 
ee rate, stable and long life performance of all M6-250 bv. 250 ma A V8-250 5-10v. 250 ma B 
, — M6-500 6y. 500 ma B V8-500 5-10v. 500 ma B 
ement, ot FULL PROTECTION M12-50 12v. 50 ma A V12-500 10-15. 500 ma B 
or a dit Fusing -" 4 agreed - ed oom anne. M12-100 12v. 100 ma A V15-500 10-20v. 500 ma A 
= motion —a— M12-250 12v. 250 ma B Vi5-100 _10-20v. —+:100ma B 
elemen All standard, Minisource® power supplies are pe im. One : ae — eee . 
1e core of furnished with an octal glass to metal header M22-50 22v. 50 ma A V18-500 15-20v. 500 ma B 
he coil is — oer ay Por gyre ite. sae M22-100 22v. 100 ma B V22-500 20-25v. 500 ma B 
; nd packaged in a black anodized aluminum — 
vechanical transformer case. There is no extra charge M22-250 22v. 250 ma B V25-50 20-30v. 50 ma A 
electrical for 400 cycles. M22- -500_ 22v. 500 ma B V25-100 20-30v. 100 ma B 
-eadout it M25-50 25v. 50 ma B V25-250 20-30v. 250 ma B 
ting slide SPECIFICATIONS M25-100 _ 25v. 100 ma - V28-500 25-30v. 500 ma B 
on of i VOLTAGE REGULATED — M25-250 Sv. 250 ma B V32-250 30-35v. 250 ma B 
mined i FIXED OR SEMI-VARIABLE * OUTPUT M25-500_ 25v. 500 ma BO V35-50 30-40v. 50 ma B 
M28-50 28v. 50 ma B V35-100 30-40v. 100 ma B 
Input Frequency: 60 cps or 400 cps 2 7 hin te 
rebalane input Voltage: 105-125 VAC M28-100 2BV. 100 ma B V38-250 35-40. 250 ma B 
y, Water ae ae : Ad, A — M28-250 28v. 250 ma B V42-250 40-45v. 250 ma C 
Regulation: Better than 0.5% M28-500 _ 28v.  —-500ma 4 V45-50 40-50v. 50 ma 8 
ard Piceie: Lens then 0.25% M30-50 30. S0ma—“(tséiC V45-100 40-50. 100 ma B 
een y be used Floating, Positive, or M30-100 3. 100m—= V48.25 45-50V. 95 ma c 
*Screw driver adjustment on top of semi- M30-250 30v. 250ma ea V65-50 60-70v. 50 ma B 
variable units. M30-400 30v. 400ma— BC V65-100 60-70v. 100 ma B 
lic serve M50-50 50v. Sma SB V75-50 70-80. 50 ma B 
cal feed M50-100 50v. 100 ma B V75-100 _70-80v. 100 ma B 
osition M50-250 50v. 20ma_CC 
rce moto M100-100 100v. 100ma__ Cc ELASCO can package power supplies in any 
together M150-100 150v. 100 ma c way the customer may desire (within reason), 
ictive de M200-100 200v. 100 ma v and to comply with military requirements. 
rween the 
feedback = i 
ble orife aa Fe Wee ELAS CoO inc. 
utput B 3% 3% 4% 3 2% %mox 
ool valve C5 4% 5% 4% 3% % mon 
; D 6% 3'% 4% % % mox 
rvopiston Ca FIVE PRESCOTT STREET, ROXBURY 19, MASSACHUSETTS 
) tot 
Pee Telephone: Highlands 2-1600 
are inches 
| available IF THE SUPPLY YOU REQUIRE IS NOT LISTED ABOVE, ELASCO WILL BE HAPPY TO BUILD A MINISOURCE® TO YOUR SPECIFICATIONS. 
th as 12 
Inc., Eas 
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Thermal 
switch | 
engineering 2 





ANOTHER “CRITICAL” CONTROL SWITCH FROM CPI RESEARCH 


if you are concerned with measurement of surface temperatures in aircraft 
and airborne electronic equipment in confined spaces, this may be a 

- thermal switch you could use. We designed and manufactured it to meet 
exacting specifications of a prominent aircraft manufacturer. 


Chances are your needs may require modifications or even a completely new 
switch. We have always realized that there are few “critical” control 

switches that can be all things to all people. That's why we have the 
research and development engineers who can and do tackle specific problems 
of thermal control. Can we help you solve yours? 


This new hermetically sealed, 
hi-metal, single or 2-wire 
switch has calibration range 
of -20F to 600F; safe 
momentary overshoot to 800F; 
available with various type 
mountings. When inquiring, 
mention “button” switch. 














CONTROL PRODUCTS, INC. 


308 Sussex Street, Harrison, N. J. 
CIRCLE NO. 74 ON INQUIRY CARD 











ELECTROMECHANICAL 
COMPONENTS New | 





Pot Permits Gear Coupling 





Gear coupling to other elements jy 
system may be obtained with gpeq 
shaft flange versions of a precision 
potentiometer. Three mounting 
and an accurate machined slot ] 
a gear on the pot shaft. Characterigj 










of the unit include _linearities ture © 
+0.05% output impedances from g quately ac 
to 470 ohms, input impedances frp energy W! 
65,000 to 200,000 ohms, and extreme other infra 
low phase shift. The ten-turn pot opgp instruments 
ates at 130 volts at a nominal 400-cyif body tadic 
input. Perkin-Elmer Corp., Norwff mange of 5 
Conn. of its oper: 
: tion source 

Circle No. 205 on Inquiry Card. within +1 

ambient ter 

ations, tran 

60 Cycle Motor Generator tlack body 





Used as a damping tachometer, a mig the selecte 
generator, or an integrator, a 60 cyg uation of 

motor generator is constructed of ogg tiyratron « 
rosion resistant materials and effectiyg toning ten 
ly sealed to prevent entrance of dyp Peformanc 
or dirt. The unit features stable outgy hiverside, | 
voltage over the temperature r Circle 
specified, excellent linearity of ow 

minimum size and weight, long jj 
and dependable service. Kearfott 

Inc., Clifton, New Jersey. 


Circle No. 219 on Inquiry Card, 





High Torque Clutches 





A face-tooth electromagnetic clu ‘ 
claimed to provide the highest tong} | 
in the smallest space of any availalg) | 
stationary-field clutch, comes in 51 pe 
ings from 30 through 725 Iba) @ 
torque. The clutches, because of & 
tionary-field design, virtually elimin 
the need for maintenance. They *)LBand I 
be buried in a drivebox or transi 
sion and forgotten because there #) Addition « 
no air gap adjustments to be made,ijout a gr 
slip rings and brushes to be cleanth}line modu 
adjusted or replaced. By incorporalig]® include 
face-tooth design with the stational .* wae 
field construction, further specific fa} _ 
tures and advantages are provi — 

° . : » Pp 
unit assemblies are ready to install@ivetical a; 
the shaft; ease of adaptability, us 

























8 
three or six drive pins provides 4 S§}iiounts a: 
ple attachment to driven memi§ja both | 
rapid action, engagements are mig}. The 
in as little as .040 second, disengifg)#ed “bui 
ments in .020 second; fine toothiig}? ly ¢ 
with no flats on top, provides repetiligy eeke 
clutching in small increments of § if Rcore 
rotation and assures that each eng@itrenit, ‘Tt 
ment is complete; minimum back-liffhearding 
armature spring arrangement assl§iivings in 


positive separation of clutch elemeipyatsociates, 
I-T-E Circuit Breaker Co., Phila. 


Circle No. 228 on Inquiry Card. 
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iNew Electronic Components 


for Electromechanical Systems 


infrared Measurement 


4 black body combined with a tem- 
ture controller represents an ac- 
curately adjustable standard of radiant 
mergy Which checks and calibrates 
ger infrared sources and measuring 
igstruments. Designed to emit black 
radiation over the temperature 
range of 500K to 1000K, the stability 
of its operation is such that the radia- 
tion source temperature is maintained 
within +1K despite wide changes in 
ambient temperature, line voltage vari- 
ations, transients and tube aging. The 
black body radiator is maintained at 
the selected temperature by a combi- 
mtion of vacuum-tube amplifier and 
thyratron circuitry in a power-propor- 
timing temperature controller of high 
performance. Infrared Standards Lab., 
Riverside, Cal. 


Circle No. 227 on Inquiry Card. 



















| include hybrid rings, 3 db and 








| vertical and horizontal bends, 180° 
















}M integrated strip transmission line 





is 





L-Band Modules 


Addition of new L-Band units round 
‘ta group of strip transmission 
Mine modules in this frequency range 





4 db couplers and a 25 ohm to 50 
thm transformer. These components 
wil mate with the broadband tran- 
» power dividers, right angle 


straight sections, crystal 
Mounts and terminations now used 
a both higher and lower frequen- 
These modules are standard- 
“building blocks” that can be 
tkly connected by thumbscrews 
imake up a circuit conforming 

in space factor and weight to 


¥ 


mit. They may be used for bread- 
warding circuits with substantial 
ings in time and material. Sanders 
tiates, Inc., Nashua, N. H. 


Circle No. 161 on Inquiry Card 








Modular DC Power Supplies 


Modular d-c power supplies with out- 
puts ranging from 28 vds, 2 amperes 
to 500 vde, 300 milliamperes, are now 
available with silicon rectifiers. None 
of these supplies are also available for 
50 to 400 cycle operation. The modules 
are for use individually or with multi- 
ple output rack mounting kits. Dressen- 
Barnes Corp., Pasadena, Cal. 


Circle No. 189 on Inquiry Card 


Tiny Transistor Amplifier 


A tiny “hot-box” transistorized ampli- 
fier has a power gain of one quarter of 
a million and a total volume of three 
cubic inches. A thermostatically con- 
trolled heating element maintains a 
stable operating temperature for the 
transistors and minimizes the effect of 
variations of ambient temperatures. 
Encapsulation in a special potting com- 
pound provides immunity from the 
effects of humidity, shock and vibra- 
tion. The direct coupled differential 
amplifier has excellent stability over 
the temperature range of O°F to 
+130°F. Leach Corp., Compton, Cal. 


Circle No. 237 on Inquiry Card. 


Space-Saving Transistors 


In aircraft and missiles and other com- 
puter applications where space is at a 
premium and weight is a critical factor, 
new power transistors, called space- 
savers are adaptable to a wide variety 
of mounting requirements. The trans- 
istor’s low base resistance gives lower 
input impedance for the same power 
gain and lower saturation resistance, 
resulting in lower “switched on” volt- 
age drop. Lower cut off current means 
better temperature stability in direct 
coupled circuits and higher “switched 
off’ impedance. Improved frequency 
response leads to higher audio fidelity, 
faster switching and improved per- 
formance in regulated power supply 
applications. The spacesaver is avail- 
able in eight 3-ampere switching types 
with breakdown voltages of 40, 60, 80 
and 100; direct current gain ranges of 
30-75 and 60-150 and frequency re- 
sponses of 20 and 15 kilocycles. Leak- 
age current at 90°C is 10 ma. Clevite 
Transistor Products, Waltham, Mass. 


Circle No. 127 on Inquiry Card. 







































BASIC 


BUILDING 
BLOCKS 
FROM KEARFOTT 


SIZE Il 
SYNCHRONOUS 
MOTOR 


Featuring pull out torque 
efficiency of 50% nominal 
with 3.4 watts input and 3 
watts pull out power, this 
synchronous motor repre- 
sents a major achievement 
in terms of performance 
for a unit of this extremely 
small size. Additional ad- 
vantages made possible by 
Kearfott’s unique design 
include resistance to en- 
vironmental extremes, light 
weight construction and 
low unit cost. This motor 
and its variations are 
available in production 
quantities. 


TYPICAL 
CHARACTERISTICS R172 


Excitation: Phase 1 Phase 2 
Voltage 40V 40V 
Frequency 400 CPS 400 CPS 
Power 2.3 Watts 2.3 Watts 
Current 0.157 Amps 0.157 Amps 


Performance: 


Synchronous Speed 8000 RPM 
Stall Torque 0.2 In. Oz. 
Pull Out Torque 0.35 In. Oz. 
Pull in Torque 0.15 In. Oz. 


Write for complete data. 
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LITTLE FALLS, NEW JERSEY 
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SERIES 200 SINGLE POINTER INDICATOR 
For applications requiring accuracies and res- 
olutions of less than .2% and high speed 
of response. 





SERIES 200 DUAL POINTER INDICATOR 


For high resolution and accuracy application 
where readability and dynamic response are 
important. 


SERIES 300 DIGITAL DISPLAY INDICATOR 
for highest accuracy and resolution. 
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ELECTRONIC COMPONENTS 








Metallized Mylar Capacitors 





New metalized mylar capacitors 
and exceed mil requirements and hay 
many applications. Metallized my 
Dupont polyester film has outstanding 
advantages which include self-healing 
characteristics that greatly extend th 
useful life of the capacitors by elimip 
ating the weak dielectric areas, ther 
by making full use of the highest voly 
per-mil rating of the film. Other advap 


bility; low dielectric absorbtion; hi 
resistance and longer life. The t 
perature range for operating and stor 
age is —90°C to +125°C; the capac 
tance tolerances are 1%, 2%, 5%, 1 
and 20%. Plastic Capacitors, Chicagy 
Il. 


Circle No. 126 on Inquiry Card. 


Variable Delay Line Box 

















Delay line box delivers any delay 
to 0.79 usec with an accuracy of 0.8 
of the maximum delay by means ¢ 
binary switching. Reflections, ordinarily 
associated with variable delay ling 
are eliminated because the unusél 
portion of the delay line box is dit 
connected from the circuit by means@ 
the switching arrangement. Rise tim 
is 0.05 usec for the maximum del 
and decreases as lesser delays are use 
Impedance is 100 ohms and attentt 
tion is 3.5%. Size is 3” x 3” x ¥ 
Valor Instruments Inc., Gardena, Gil 
Circle No. 193 on Inquiry Card 


Temperature Control Without 
Contact 


A new scientific instrument may allt 
existing temperature measurement 

control techniques in many industriés 
Using advanced methods of infraré 


detection, a “Thermodot” _ radiatiét 
thermometer automatically measulé 


and controls the temperature of md 
ing or stationary objects without ph 
cal contact. Operation is complete 
remote and unattended. Radiation Ei 
tronics Co., Div. of Comptomeé 
Corp., Chicago, Ill. 

Circle No. 191 on Inquiry Card 
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ITs 


yniversal Joints with Zero Backlash 


A new, telescoping, miniature, univer- 
gl joint allows greater freedom in the 
design of systems where the precise 
tansmission of information is essen- 
ial. Two preloaded ball splines pro- 
yide lateral travel and a minimum 
ymount of thrust on connected com- 

nts. Preloaded bearing surfaces 
(burnished sockets and precision balls) 
with sealed-in lubrication give contin- 
yous contact. This design assures zero 
backlash for the entire assembly. Fal- 
con Mach. and Tool, Cambridge, Mass. 

Circle No. 168 on Inquiry Card 








Diode Clips 


Simpler component installation and re- 
placement of “top-hat” diodes or recti- 
fiers can now be achieved through the 
we of spring-tempered beryllium cop- 
per mounting clips. Circuit contact is 
povided by an integral lug passing 
through the mounting surface either for 
connection to printed circuit leads or 
for solder connection. Each clip pair 
“ard. exerts a strong retaining spring action 
on the body of the component, pressing 
the shell downward against a small 
projection in the clip which penetrates 
through films or oxides to clean metal, 











-_ assuring circuit continuity under ex- 
gi f teme conditions of stress. Atlee Cor- 
ordinarhh poration, Woburn, Mass. 

elay line, Circle No. 196 on Inquiry Card 
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y means Mechanical Counter 

Rise ti * f 

num deli A precision instrument counter, de- 
s are We signed for digital read-out of shaft 


Wsition, is a 5 digit, miniature, high 
peed, low torque device featuring 
yon wheels and pinions for smooth 
md quiet operation. The counter is 
lhe direct drive type with the unit 
wheel directly coupled to precise read- 
wut. A clear lucite cover with indicat- 
ig lines is supplied which also keeps 
he unit free from dust. The counter 
ma rear shaft extension for direct 
Wupling and is supplied on a standard 

ting block with extra mounting 

for adjustment of the angle of 
i counter face. Specifications: Speed 
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re of m0 -1500 rpm continuous, 2500 rpm in- 
hout physif mittent; Drive—Mechanical direct. 
completel} | direction; Torque—Static torque 
iation Eley * °%—in. maximum; End Play—.012 


um. Mechatrol, Div. of Servo- 
nisms, Westbury, L. I., N. Y. 
Circle No. 178 on Inquiry Card. 
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New Mechanical Components 
For Electromechanical Systems 


Miniature Control Valve 


Designed especially for use in small 
hydraulic circuits (under 3 gpm), a 
unique, new miniature four-way di- 
rectional control valve with a sliding 
spool construction, is only 2” x 1%” x 
5” (plus handle) and weighs one 
pound and two ounces. The new valve 
has a low pressure drop of approxi- 
mately 13 psi at a rated capacity of 
8 gpm and low internal leakage of less 
than 10 cubic inches per minute at 
2000 psi with 150 ssu oil. The bal- 
anced spool is of hard-coated aluminum 
which provides great wear resistance. 
Sarasota Prec. Prods., Sarasota, Fla. 
Circle No. 165 on Inquiry Card 


Low Cost Instrument Bearings 


New precision, miniature instrument 
bearings have been designed to re- 
place precision ball bearings in a wide 
variety of applications where speed 
and torque requirements do not justify 
the cost of expensive ball bearings, but 
where precision instrument standards of 
tolerances, life and friction must be 
maintained. Made of sintered bronze 
per MIL-B-5687, Type I, Comp-A, 
with 4% molybdenum disulphide added 
at sintering, these bearings are oil- 
impregnated and completely self-lubri- 
cating. Tolerances may be specified 
equivalent to Class ABEC 5 or 7. 
Northfield Prec. Instrument Corp., 
Island Pk., L.I., N.Y. 
Circle No. 233 On Inquiry Card 


Micro-Module Wafers 


An accurate negative produced by 
photographic reduction, ultraviolet 
light, and an acid produce wafers 
quickly, accurately, and economically. 
A piece of special photosensitive glass 
and the negative of the micro-module 
wafer desired, is put under ultraviolet 
light making a contact print in the 
glass. A heat treating process develops 
the image of the pattern including 
every detail of design throughout the 
entire thickness of the glass. The image 
is highly receptive to acid etching 
which eats away the outlines and holes 
to leave an exact replica of the desired 
wafer. Further heat treatment converts 
the glass to a true ceramic. The wafers 
are non-porous, dimensionally stable 
and shock resistance. Corning Glass 
Works, Corning, N. Y. 
Circle No. 222 on Inquiry Card. 
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FERRITES 


Kearfott’s Solid State 
Physics Laboratory formu- 
lates, fires and machines 
permanent magnet ferrite 
materials of various com- 
positions. Typical high- 
efficiency array utilizes 
Kearfott PM-3 ferrite ma- 
terial with specially de- 
signed pole pieces to pro- 
duce a design both smaller 
and lighter than other 
arrays of equivalent mag- 
netic field strength. Be- 
cause magnets may be cus- 
tom engineered to specific 
requirements, user is not 
restricted to stock magnet 
types, thereby providing 
greater latitude in param- 
eters for focusing arrays. 
Pole pieces may also be 
provided according to 
specification, with the 
added assurance that, be- 
cause of special Kearfott 
design techniques, B axial 
magnetic fields approxi- 
mately 10% higher than 
those generally obtained 
in standard types may be 
produced. 


TYPICAL 
CHARACTERISTICS 
Peak Magnetic 
Field Strength 
Period 
Length 
Inside Diameter 
of Pole Pieces 
Outside Diameter 
Weight 


1200 gauss 
0.560 in. 
5.64 in. 


0.400 in. 
2.0 in. 
3.2 pounds 


Write for complete data. 
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87 








~~... 


a — 
. smallest yet! - 
.no moving parts! 
“aa 


ii 


" 





Electro Proximity Switch 
Senses ALL Metals 


Solves metal control problems where mechanical switches fail... 


RELIABLE ... unaffected by nearby 60 cycle AC fields. 
LOW COST ... replacement probes from $18.50. 
CONVENIENT MOUNTING ... 34"-24 threaded hole. 
FAST .. . 60,000 operations /minute. 

RUGGED ... oil and waterproof. 


Write for Detailed Bulletin PP-29! 
Electro. ELECTRO PRODUCTS LABORATORIES 4501-F Ravenswood, Chicago 40 
> Canada: Atlas Instrument Corp., Ltd., Toronto, Ontario 


“RR RRR 
CIRCLE NO. 78 ON INQUIRY CARD 
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LIGONE 
PONGLE 
VBBIER 
wells 


Flexible temperature range 
-100°F to 500°F 


COHRIastic R-10470 silicone sponge rubber sheets have a dense, uniform, 
non-absorbing closed cell structure highly suitable for soft gasketing, vibra- 
tion dampening, fairing strips, pads, cushions and other applications where 
resiliency at extreme temperatures is required. It may be bonded to metals, 
plastics, fabrics or silicone rubber. COHRIlastic R-10470 possesses superior 
compression set resistance, excellent dielectric properties, immunity to 
aging, ozone and weather hardening. Meets many specifications. 
AVAILABLE FROM STOCK: in 12” x 12” sheets and 24” x 24” sheets — 
4g” through 42”. Special thicknesses and sheet sizes up to 30” x 30” and 
24” x 48” made to order. Sold nationally through distributors. 


FREE SAMPLE and folder — write, phone or use inquiry service. 
Leader in Fabrication of Silicone Rubber Products 


(@iie) CONNECTICUT HARD RUBBER CO. 


n office: New Haven 9, Connecticut 
CIRCLE NO. 79 ott INQUIRY CARD 
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MECHANICAL COMPONENTS 























Bearing Cages 


One of the newest uses for glass 
filled nylon is in the manufacture of 
cages for thrust bearings. The cages 
are available for either roller or ball 
bearings and in a wide range of 
sizes. Chief among the many advan 
tages of using glass-filled nylon is| 
that tramp metal invading the bear} 
ing area imbeds itself into the plas 
tic. This imbedment removes ordi 
narily loose metal particles from 
circulation, greatly reducing bearing 
abrasion and consequent wear of ad- 
joining metal surfaces. If the bear 
ing cage should fail, the problem of} 






metal particle entrainment is ob/ 
viated. Other significant advantages 
of the glass-filled nylon are: reduc} 
tion of assembly time and initial ma-} 
terial cost savings; molded-in reten- 
tion cavities firmly position and hold] 
round or shaped bearings, which are| 
simply popped into the receptacles; 
exce!lent wear resistance; no lubri- 
cation required. Superior wear qual 
ities and a wide temperature service 
range assure smooth, unhampered 
operation and greater bearing life. 
Garlock Packing Co., Palmyra, N, Y, 


Circle No. 192 on Inquiry Card. 
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FOR SALE OR LEASE 


3-bedroom and dressing room, 2% bath, 
wall-to-wall carpeting, large _ livia 
room, den and patio, year-new hous 





In Orange County, California, off New 
port Avenue and Skyline Drive. Ont 
acre on quiet, dead-end street, ned 
schools and shops. All conveniences 
appliances available. $32,500 OF 
$320/month. Excellent financing, # 
necessary. References exchanged. 
able April 15th. 


Telephone: Lincoln 4-0095 
or 
Write: Box 200 


ELECTROMECHANICAL DESIGN 
1357 Washington Street 
West Newton 65, Mass. 
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resistance and Resistors 





Charles L. Wellard 


72 pages, $8.50 
eGraw-Hill Book Co., 
990 W. 42nd St., N.Y. 36, N.Y. 


y Just about everything a components 
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i Electronic Designers’ 


|} RCH 1960 


r needs to know in the basic 
gpects of resistance and in types of 
yeistors and the materials used in 
their manufacture are in this reference 
amd guidebook. 


Handbook 


Robert W. Landee, Donovan C. 


Davis, Albert P. Albrecht 


1008 pages, $16.50 
McGraw-Hill Book Co., 
$30 W. 42nd St., N.Y. 36, N.Y. 


This handbook serves as a fundamen- 
tal aid in the design of all types of 


§ electronic equipment. The authors have 
§ made the text as lucid as possible and 
§ have included design examples to show 
} application of theory, and graphical 
} md tabular data needed in day-to-day 
} design work. The authors believe that 
fin many cases significant contributions 
have been made in the form of new 


design data or design techniques. The 
degree to which frequently used cir- 
tuts and practices have been inte- 


} gated into the material adds appre- 
| cably to the value of the book. The 


titire electronic field is covered rang- 
ing from vacuum tube and voltage and 


| Power amplifiers to such topics as 


wmputer and servomechanism tech- 
tiques and waveform and _ network 


analysis. 


Gilde To The Space Age 


Corl and Hazel Besserer 

pages, $7.95 

Hentice-Hall, Inc., 

W Fifth Ave., N.Y. 11, N.Y. 


Chimed to be the first book to explain 
clear and simple language the ter- 
tinllogy of modern space technology 
id guided missilery, its purpose is 
W help standardize the specialized 

ge and to present the more than 

definitions in a form that will be 
#yalue to technical and near-techni- 


cal people. The terms are arranged in 
alphabetical order with a unique sys- 
tem of cross reference to guide the 
reader to the exact nomenclature and 
position of standard scientific terms. 


Guided Missile Engineering 


Allen E. Puckett and Simon Ramo 


486 pages, $10.00 
McGraw-Hill Book Co., Inc., 
330 W. 42nd St., N.Y. 36, N.Y. 


Eighteen of the nation’s foremost mis- 
sile engineering experts, each repre- 
senting the latest thinking in his par- 
ticular field, provide theoretical and 
practical material covering electronics, 
guidance theory, aerodynamics, air- 
frame performance, radio and radar, 
computer systems, and other subjects. 
Emphasizing systems engineering as- 
pects of the subject, the book encom- 
passes the whole range of guided 
missile engineering from important 
details of component structure and de- 
sign to over-all considerations in the 
development of a missile system. 


Financial Analysis For 
Management 


Ronello B. Lewis 
190 pages, $25.00 
Prentice-Hall, Inc., 


70 Fifth Ave., N.Y. 11, N.Y. 


Financial Analysis for Management is 
a handbook for use by researchers, 
engineers and technicians as well as 
by top management men. It is a trea- 
tise on the finding of solutions to 
business problems that can be meas- 
ured in terms of capital investment 
and dollar profit returns. From the 
point of view of the engineer, it pro- 
vides an easy format to use in present- 
ing projects for management approval 
where there is a requested appropria- 
tion of capital funds to be justified in 
terms of improved profits. From the 
point of view of management, it pro- 
vides a medium that can be used as 
a standard in screning proposals for 
capital outlay arising in various parts 
of the business. 

Thus, for the engineer, for the ana- 
lyst, and for members of the manage- 
ment group, this book can serve as a 
common checkpoint. It is a reference 
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ROTARY 
SWITCH 


Kearfott’s rotary switch- 
ing devices for missile and 
aircraft systems are used 
to sequence or switch cir- 
cuitry as a function of time 
or shaft position. Used in 
conjunction with sensitive 
relays or solid state switch- 
ing techniques, high cur- 
rent loads can be handled. 
These switches consist 
primarily of shaft assembly 
and bearing mounted 
cylinder divided into con- 
ducting and non-conduct- 
ing segments with continu- 
ous track for common 
input. Multiple conductor 
“broom” type brushes ride 
on each cylinder track 
while number of tracks 
and segmentation of each 
is function of the number 
of circuits and type of “‘on- 
off” sequencing required. 


TYPICAL 
CHARACTERISTICS P1280-11A 
Number of switching tracks: 2 
Angular Segmentation (both refer- 
enced to 0° start): 
Track 1—Non-conducting about 
0° + 50° 
Track 2—Conducting 0° -180° 
Non-conducting 180° -0° 
Mechanical Accuracy of 
Segmentation: 
+1° (better as required) 
Starting and Running Torque: 
0.1 02.-in. 
Current Capacity: 
50 ma at 28V/Brush (suitable for 


any sensitive relay or solid state 
switching circuits) 


Write for complete data. 
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DESIGN IDEAS FOR ELECTRONIC ENGINEERS: 


How to design better 
analog computing circuits 
with Vernistat* a. c. potentiometers 


Analog computers typically use such 
components as potentiometers, resolvers, 
and linear synchros to relate shaft posi- 
tion to voltage. In most applications, to 
reduce the effect of loading error, high 
impedance circuits, and phase shift, a 
substantial amount of additional equip- 
ment, such as isolation amplifiers and 
auxiliary power supplies, is required. 
Size, weight, heat dissipation, and pos- 
sibility of failure are thus greater than 
if loading error, phase shift, and high 
output impedance problems did not exist. 
Typical of a class of equations which 
are incorporated into much analog com- 
puter circuitry is the relation 
Eour = [K + A(0,)] B(O2) + C(O). 




















ONE WAY TO SOLVE this relation is 
shown in this diagram of a conventional 
resistance potentiometer computing cir- 
cuit. Such circuits, however, suffer from 
excessive phase shift, particularly at 
high frequencies. 

Due to high potentiometer output im- 
pedances, the circuit requires an isola- 
tion amplifier in the multiplying channel, 
while summing resistors and a feedback 
amplifier are required in the addition 
section. Both of these amplifiers, as addi- 
tional components, add a factor of unre- 
liability and use more power, increasing 
the problem of heat dissipation. 


A MORE EFFICIENT WAY TO SOLVE this 
equation is with Vernistat a.c. Potentio- 
meters. The Vernistat is an ideal com- 
ponent for analog computer systems. Its 
combination of a tapped autotransformer 
and an interpolating potentiometer 
uniquely provide characteristics unob- 
tainable with other types of shaft posi- 
tion-voltage devices. The Vernistat pro- 
vides precise voltage division, high input 
impedance, low output impedance, and 


low phase shift. These characteristics 
directly relate to the design of improved 
computer circuits. 
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FOR EXAMPLE, in the computer circuit 
shown here, multiplication may be per- 
formed without the aid of an isolation 
amplifier, because of the Vernistat’s high 
ratio of input to output impedance. Addi- 
tion is accomplished by utilizing voltages 
of opposite phase in the two computing 
channels obtained by a tapped input 
transformer. By eliminating the ampli- 
fiers of the preceding circuit, a reduction 
of size, weight, heat rise, and power re- 
quirements is obtained. With fewer com- 
ponents required, there is an over-all 
increase in reliability. 


IN SOLVING DESIGN PROBLEMS like 
these, Vernistat a.c. Potentiometers offer 
such major advantages as: low output 
impedance (as low as 40 ohms) with 
high input impedance (as high as 200,- 
000 ohms) — high resolution (to 0.002% ) 
—low phase shift (as low as 0.2 min- 
utes)— and high terminal linearity (to 
0.01%). Vernistats meet the require- 
ments of MIL E 005272-B, and operate 
at 125°C without derating. 


ea ee ea 
WRITE TODAY for full description and 
specifications on Vernistat a.c. Potentio- 
meters, Adjustable Function Generators, 
and Variable Ratio Transformers. 


AT THE IRE SHOW, VISIT US IN BOOTH 2828 


*vernistat® — a design concept that unites in one compact device 


the best features of the 


precision autotransformer and the 
multiturn potentiometer 


768 Main Avenue, Norwalk, Conn. 


Perkin-Elmer Gyno 
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BOOK REVIEWS cont. 





book for all. Its language is nonte 
nical. There is no jargon and no seg 
formulae are involved. It is a bg 
filled with plain talk, expressed in { 
language of every man. Its objectf 
is profit. And since profit is meas 

in dollars and cents, a certain amo 
of arithmetic is involved. 

The highlight of this text is the 
called “incremental” approach un 
which the differences in profit betwe 
two or more possible alternatives 
matched against the differences in j 
vestment, again for the same alten 
tives, to establish a ratio of incremen 
profit-to-investment. The increment 
nothing more than the effect or ¢ 
difference between two _alternati 
The increment of profit divided by ¢ 
increment of investment gives the 
cremental profit return, which is ¢ 
common measure in all financial an 
yses. 
These simple relationships are @ 
pressed by the author in what 
called the Rule-of-Seven—because 
sentially every financial analysis 
volves around seven key figures, 
volving these steps: 

Measure investment now 

Measure investment as projected 

Effect of the proposal ‘ 

Measure profit now 

Measure profit as projected 

Effect of the proposal 

Measuring percent return | 
These seven steps are covered in d@ 
tail in the first six chapters of ti 
book in the areas dealing with an ap 
praisal of proposed capital exper 
tures. For those who want to dig dee 
er, the second half of the book tre 
the more complicated investor’s me 
od of measuring return and provi 
chapters dealing with the purchase 
acquisition of a going busine 
mergers for growth and_ incre 
profit, adding or dropping lines or § 
ments, inter-divisional pricing, lea 
and leasebacks versus ownership, ai 
planning the source of funds. 

The text material provides a b 
ground for financial analysis, but 
salient feature of the book and its vali 
to the reader are found in the numer 
ous life-size exhibits. These illustralé 
in form and substance the treatmetl 
of numerous problems of analysis, a 
fully supported by figures and exair 
ples, interconnected from one situr 
tion to the next, to give the reader? 
pattern or approach that can be usél 


over and over again in the solution Of ligincers: 


similar problems that may fall withil 
his own experience. 
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BASIC 

BUILDING 

BLOCKS 

FROM KEARFOTT 


DIRECTIONAL 
GYRO 


This compact new gyro pro- 
vides accurate heading in- 
formation even under the 
severe conditions of 
environment frequently en- 
countered in high perform- 
ance aircraft and missile 
installations. Inner axis 
leveling loop, consisting of 
a liquid bubble type verti- 
cal sensor and A.C. tor- 
quer, continuously main- 
tains the spin axis in a 
horizontal plane. 


TYPICAL 
CHARACTERISTICS *A2215 


Environmental Capabilities 
Vibration: 
5g, 20-1000 cps; 10g, 1000-2000 cps 
ever Range (operative): 
—54°C to + 
(non-operative): 
—65°C to +85°C 
Altitude? Unlimited 


Azimuth Pickoff 
Excitation: 
26V, 400 cps, single phase 
Output (sinusoidal): 
11.8V + 5% max. 
Error from E.Z.: 10 min. max, 


Motor 
Excitation: 
115V, enn cps, three phase 
Speed: 23,500 RPM 
Power: Sorting: 35 watts 
Running: 7.5 watts 


Performance Characteristics 
Drift: 4°/hr. max. 
Leveling Rate: 
Between 2° and 4°/min. 
Azimuth Torquing Rate: 
360°/min. (intermittent) 
40°/min. (continuous) 


Physical Features 
Dimensions: 4” dia. x 5%,” long 
Weight: 5.5 Ibs. (approx.) 


Write for complete data. 


Synchronous Motor 


Ferrites 


BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


VERTICAL 
GYRO 


Kearfott’s rugged new ver- 
tical gyro, designed for 
missile application, is a 
two-degree-of-freedom in- 
strument with 360° of 
freedom about outer gim- 
bal axis. Self-contained 
vertical erection system in- 
corporates liquid bubble- 
type vertical sensing de- 
vice. 


TYPICAL 
CHARACTERISTICS *B2115 


Environmental Capabilities 
Vibration: 
5 g, 20-1000 cps; 
10 g, 1000-2000 cps 
Temperature ae an 
—54°C to +71°C 
(non-operative): 
—65°C to +85°C 
Altitude: Unlimited 


Pickoffs 
Excitation: 
26V, 400 cps, single phase 
Error from E.Z.: 10 min. max. 
Output Voltage (line to line): 
11.8V + 5% max. 


Motor 
Excitation: 
115V, 400 cps, three phase 
Power: ‘Starting: 35 watts 
Running: 7.5 watts 


Performance Characteristics 
Repeatability of Established 
Vertical: 

To within a cone of half angle 
equal to 12 minutes of arc 
Scorsby Drift Rate in 5 Min. Time: 
0.3°/min. (average) 
Erection Rate: 
Normal: Between 2° and 4°/min. 
Fast: 80°/min. intermittent, 
40°/min. continuous 


Physical Features 
Dimensions: 4” dia. x 5%,” long 
Weight: 5.5 Ibs. (approx.) 


Write for complete data. 


Rotary Switch 


solution 08 ligneers: Kearfott offers challenging opportunities in 
advanced component and system development. 


fall withis 
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BASIC 

BUILDING : 
BLOCKS 

FROM KEARFOTT 


FREE GYRO 


A highly reliable, two- 
degree-of-freedom instru- 
ment utilizing AC synchros 
at each gimbal axis. De- 
signed to operate under the 
most severe missile condi- 
tions, this gyro has AC 
torquers mounted at each 
gimbal axis to permit com- 
mand positioning or slav- 
ing of spin axis to desired 
reference position; each 
torquer capable of produc- 
ing a precession rate of 
360°/minute with 12.5 
watts/phase power input. 


TYPICAL 
CHARACTERISTICS *Q2315 


Environmental Capabilities 
Temperature Range: 
(operative): — 54°C to +71°C 
(non-operative): es ry to +85°C 
Altitude: Unlimited 
Vibration: 10g, 10-2000cps 
Pickoffs 
Excitation: 
26V, 400 cps, single phase 
Output (sinusoidal): 
11.8V + 5% max. 
Error from €.2Z.: 10 min. max. 


Motor 
Excitation: 
115V, 400 cps, three phase 
Speed: 23,500 RPM 
Momentum: 
2.25 x 10° gm cm2/sec. 
Caging and Preset Provision 
(Electrically energized torquer type) 
Excitation: 115V max./phase 
Torquer Constant: 
22.8 dyne cm/Volt2 


Performance Characteristics 
te Drift: 
el each axis 
Runup Time: 
1 minute max. 
Torquing Rate: 
360°/min. (intermittent) 
40°/min. (continuous) 


Physical Features 
Dimensions: 4” dia. x 5,” long 
Weight: 5.5 Ibs. (approx.) 


Write for complete data. 


KEARFOTT owision 


cP 


GENERAL PRECISION uc. 


LITTLE FALLS, NEW JERSEY 
Midwest Office: 23 W. Calendar Ave., La Grange, III. 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif, 
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from MESA 


Resistant 


Heat 
Resistant 


DIALL 


MOLDING 
COMPOUNDS 


Faster Flame Out than 
Any Other Flameproof 
Molding Compounds 


Heat Resistance 
to 500° F 


New Diallyl Phthalates 
52-70-70 . . . Short Glass Fiber 
52-40-40 .. . Long Glass Fiber 

- Asbestos Filled 
Dacron* Filled 


#® DUPONT TRADE NAME 


New Diallyl Iso-Phthalates 
Short Glass Fiber 
Long Glass Fiber 
Asbestos Filled 


Write TODAY for Data Sheets... 


Just Off the Press! 
When you Mold Parts Like These... 


~s 
1Oe 


Remember DIALL... 

Easy to Mold 

Easy to Machine 

No Post-Mold Shrinkage 

Resistant to Solvents 
and Corrosives 

Unaffected by Moisture 

Fungus Proof 

Does Not Corrode Metals 

All Colors Available 










Please address a// inquiries regarding 
Diall molding compounds to 
MESA PLASTICS COMPANY... 
12270 Nebraska Avenue 
Los Angeles 25, California 
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Transistorized Decades 171 
Miniature, transistorized plug-in decimal 
counters feature high operating speed, 


simple power-supply requirements, low 
power consumption, repairability, and re- 
serve reliability. The circuits were designed 
using saturation techniques, along with 
consistent derating of component tolerances, 
and will work dependably even under 
adverse conditions of environment and 
power supply variations. The standard con- 
servative counting rates are 0-250 ke and 
0-5 me. Specification, selection and appli- 
eation guides are included in data. Engi- 
neered Electronics Co., Santa Ana, Cal. 


Temperature Controls 142 


Catalog sheet describes surface mounting 
temperature controls. Three types are 
featured: two for the 50-300°F range; one 
for 50-600°F. All units are adjustable. 
Complete specifications are given along 
with details on 11 different modifications. 
Fenwal Inc., Ashland, Mass. 


Wound Wire Porous Metal 185 


Six-page brochure details the capabilities 
and typical examples of wound wire porous 
metal for filtration and non-filtration appli- 
cations. Included are examples of stainless 
steel and super alloy Poroloy and low-cost 
Poroloy CS which is made from low alloy 
and carbon steels, specifications and curves 
for flow rate and physical characteristics. 
Bendix Filter Div., Madison Hgts., Mich. 


Resistor Power Nomographs 149 


Power nomographs, which enable design 
engineers to predict accurately the long- 
term performance of composition fixed 
resistors are included in an 8-page bulletin. 
The information shows how power input, 
temperature rise, ambient temperature, 
life, and permanent resistance change are 
interrelated for the composition resistors. 
The nomographs are arranged so that 
resistor performance can be predicted over 
periods from 100 hours to 100 years under 
various operating conditions. Four typical 
examples are included to illustrate the use 
of these power nomographs and the types 
of information that can be _ obtained. 
Allen-Bradley Co., Milwaukee, Wis. 


Relays 163 


Data Sheets are provided for three basic 
types of relays: 5 amp series; 10 amp 
series; and specialty relays. The folder 
also covers a new crystal can relay, a 
ruggedly constructed device housed in an 
enclosure only slightly larger than the 
conventional crystal can and which con- 
tains a switching mechanism capable of 
handling 10 amp loads for 100,000 opera- 
tions with a 40 amp overload rating. Of 
particular interest also is data on a line- 
mounted relay which provides connections 
at its opposite ends so that when it is 
mounted in a run of electrical cable it 
becomes an integral part of the line, Thus 
mounted it has 100g vibration and shock 
characteristics. Relay Division, Electronic 
Specialty Co., L. A., Cal. 


For Your 3-Ring Binder 


NEW DATA SHEETS 


For your free copy of the data sheets listed on this page, 
circle the appropriate number of the item on the Inquiry Card. 
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Compact | 
Compact, re 
lied wit 
— s from 
gyachronous 
High Speed Vacuum Pumps 1 tresis type 
es 
with reliab 
Brochure contains operating _principla§ sound desi 
features and specifications of Roots high Operation ¢: 
vacuum pumps. The outstanding featun§ sing a pha 
of these pumps is that very high pump oe windin 
speeds can be obtained with comparati 4. W. Haye 
small external pump dimensions. Con 
dated Vacuum Corp., Rochester, N, Y, 
Corrosion 
Clutch—Gear Motors 145 | pulletin on 
telloy Alloy: 
; : of these St 
High starting torque, fast disengagemen and describ 
time of 25 milliseconds, speeds from 4 tf ggids, Tabl 
328 rpm, low noise level and easy moun sistance of 
are some of the features of fractional media at sp 
clutch-gear motors. Data sheets give peratures. ( 
specifications. Molon Motor And Coil (o,f gnalysis a: 
Rolling Meadows, II. properties « 
size aaet 
pipe and tu 
Alloy Tube 


Cradieclip Wiring System 173 


Six-page brochure details the range @f Phototr a 
types, sizes, and costs of an _ expande 

cradleclip wiring system. Designed fi} §-page broc 
either retaining cable runs or mounting} pNP germ 
components from %” to 2” in diameter} transistors 
the system includes both cradles fot} sponse and 
supported mountings and binders for con} maximum r 
trol of unsupported wire or cable runs§ characterist 
The units are made of nylon and neoprene} gitivity; ch: 
and usable within a temperature rangef photo spec’ 
of —T76°F to +212°F. Electrovert, Int} tions; typic 
New York, N. Y. nse curv 
, Jama' 






















Environmental Testing 164) Metals ar 


Right-page 
s for 
uctor 


Brochure contains description and cape 
cities of apparatus required for militay 
and commercial testing of electronic equip- 
ment, to measure shock and _ vibration, 
temperature, altitude, humidity, salt spray, 
sand and dust, pressure, submersion 
electronic radiation. Test equipment # 
capable of meeting requirements for mos 
current military specifications. Stavid Eng 
neering, Inc., Plainfield, N. J. 


Multi-Cor 


Acompletel] 
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age ver 
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Pushbutton Switch Assemblies 17 


Hight-page data sheet introduces thie 
new “one-shot”? pushbutton switch asseit 
blies that have a special circuit to produt 
one square wave pulse regardless of ope 
ating speed. Variations are available wil 
pulse widths from 0.1 to 10.0 microseconis 
Data sheets contain circuit diagram 
tables, graphs of typical output Pi 

curves, and other pertinent informati@ 
Micro Switch, Freeport, Ill. 





















Mechanical Shaft Seals 148 






4-page folder describes two new desigi 
in water pump shaft seals for low pressilt 
applications. One type is a self -containeés 
single unit seal designed for quick 
easy installation. The other design 1s? 
cartridge type unit seal which does mM 
touch the shaft and is unaffected by 
speed variations and normal vibratidl 
Data includes space requirements, tyP 
applications, a brief explanation of tt 
sealing principle behind rotary seals 

normal seal components. Rotary Seal Dits 
Muskegon Piston Ring Co., Sparta, 
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servo Actuator 211 


jfically designed for control surface 
tion in supersonic flight where ex- 
ceptionally high-response closed-loop posi- 
foning systems are required, a servo ac- 
tuator contains the magnetic-particle 
tches, driven by a _ continuous-duty 
rd motor, geared to a common shaft 
through a precision gear train, Linkage to 
control is made through an arm, 

ted in stroke by integral stops to 400 
either side of neutral. Description and 
cations are given in a data sheet. 
Year Instrument Div., Grand Rapids, Mich. 


Compact AC Timing Motors 138 


compact, reversible ac timing motors are 
supplied with built-in gear trains offering 
s from 450 rpm down to % rph, The 
onous Characteristic of these hys- 
resis type motors assures an accuracy 
m the same order as the power source, 
with reliable operation assured through 
gund design and rugged construction. 
Operation can be on single phase supplies, 
sing a Phase shift network supplied with 
oe Winding, or on _two phase _ supplies. 
4, W. Haydon Co., Waterbury, Conn. 


Corrosion Resistant Alloys 140 


Bulletin on tubing and pipe made of Has- 
tloy Alloys B and C outlines applications 
gf these super corrosion resistant alloys 
and describes their resistance to corrosive 
fulds. Tables show the comparative re- 
sistance of the alloys to various corrosive 
media at specified concentrations and tem- 
peratures. Other tables show the chemical 
gmalysis and physical and mechanical 
properties of the two alloys, as well as 
size ranges available and tolerances of 
pipe and tubing. Carpenter Steel Company, 
Alloy Tube Division, Union, New Jersey. 


Phototransistors 150 


f-page brochure describes complete line of 
PNP germanium alloy junction photo- 
transistors which combine high speed re- 
sponse and high sensitivity. Included are: 
maximum ratings; cut-off and small signal 
characteristics; mechanical data; light sen- 
sitivity; chopped light frequency response; 
photo spectral response; noise considera- 
tions; typical circuit applications and re- 
mse curves. General Transistor Corpora- 
, Jamaica, New York. 


Metals and Alloys 130 


Bight-page brochure discusses metals and 
s for use in conjunction with semi- 
uctor products. New alloys of gold, 

platinum and other metals in the form of 

Wire, sheet, or stamped products are de- 

Mribed as well as electroplated wire and 

sip and rhodium and gold plating solu- 
und Cohn Corp., Mount Vernon, 

ork. 


Multi-Conversion System 136 


Actompletely transistorized highly accurate, 
ligh speed voltage-to-digital digital-to-volt- 
#¢ conversion system is small in size and 
s little power. The speed of operation 
nslating a voltage to a number varies 
the accuracy of conversion. A 14-bit 
ion atan accuracy of 0.01% requires 
ximately 60 microseconds, while an 
: conversion at an accuracy of 0.05% 
s 48 microseconds. Brochure con- 
modes of operation, input and output 
teristics and other pertinent in-- 
Pe. Packard Bell Computer Corp. 
» Cal. 


Miniature Tape Recorder 137 


New two-channel tape recorder measures 
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AL DESIGN 


tly 5” by 4” by 2” complete, including all 
nics. Total weight is 2 pounds. All 
ble ne of MIL-E-4158A for 
ications are met but the re- 
er can also be furnished for special 
t and other applications. Power re- 
ents are only 2% watts (de source). 
tiny recorder will operate at any tape 
up to 48 ips, bi-directional with end- 
Pe sensing. Frequency response is up 
160 kc, + 3 db at 48 ips.. Precision In- 
ent Co., San Carlos, California. 
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How Do YOU Define Switch Noise 


rotary switcn | Mere’s how IDL analyzes it! | 


CONTACT NOISE 





These data are important considerations in switch applications 
and provide you with valuable criteria for systems evaluation. 
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Differential 


' R, Amplifier 
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Rotary Switch 


LOW LEVEL (0-5 mv or 0-50mv) TELEMETERING 
EQUIVALENT CIRCUIT 


c ct * Rotary Switch 











Slip Ring 





v % 
| om LEVEL (0-5 v) TELEMETERING 
EQUIVALENT CIRCUIT 


IDL quality contro! and inspection procedures insure that 
these “Standards of Excellence” are maintained in the pro- 
duction of high speed, sealed rotary switches for critical 
applications. Typical products are indicated by these units. 


7.2 RPS 
2 Poles 
45 Points 


Write IDL for your free copy of “Rotary Switch Contact Noise” 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 
Subsidiary of Royal McBee Corporation 
66 MECHANIC STREET, ATTLEBORO, MASSACHUSETTS, U.S.A, 









30 RPS # 
2 Poles” 
30 Points 


60 RPS 
2 Poles 
60 Points 
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Sere Venere Specialists in the Unusual—Since 1901 
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OPTISYNS 


New designs of shaft encoder 
in sizes 23 to 8 


Dynamics Research Corporation's OPTISYN Incremental 
Digital Shaft Angle Encoder is available in resolutions up 
to one part in 27" (2048) in a 2.312 inch case. 

New designs of special OPTISYNS with the maximum 
resolution versus case size are available as shown below. 


These special OPTISYN units offer the advantages of 
the standard size 23 OPTISYN, i.e., fast pulse rate 
(100,000 pulses/sec.), high reliability, and elimination of 
brushes. Also, size, weight and inertia are appreciably 
reduced. 


Send your requirements for engineering recommendations. 
u 


rp DYNAMICS RESEARCH CORPORATION 


38 Montvale Ave., Stonehom, Mass., Tel.: SToneham. 6-3900 
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A Match 
for any 
Gyro’s 
Torque! 


Each matched pair of 





MPB spin bearings is 
precisely duplexed to 
keep motor speed 
constant and torque 
low even under severe 
thrust loads. Noiseless 
operation ... life-long 
lubrication. Interested? 
Details from MPB, Inc., 
1303 Precision Park, 
Keene, N. H. 








IME"B helps you perform miracies in miniaturization 





MINIATURE PRECISION BEARINGS INC. 
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SUBMINIATURE 


HIGH -TEMPERATURE 
SWITCHES 


for continuous full-load service 
at high ambient temperatures. 


FC-1 

Full electrical rating 
applies from 

—65 to + 650F. 

Metal cover, 

Mycalex base, 
welding-tab or 
threaded-stud terminals. 





USM4 

Case and button 
molded of 
heat-resistant 
material; 
stainless-steel 
operating mechanism. 





USM5 


Meets MIL-S-6743 
and Military Drawing 
MS-25085. 


Cp 2s 


ELECTRICAL RATING 
single-pole double-throw 


FC-1 4 amp. 18-30 v.d-c, resistive 
“* 72.5 amp. 18-30 v.d-c, inductive 


5 amp. 125/250 v.a-c 
USM4 /5 amp. 30 v.d-c, resistive 


3 amp. 30 v.d-c, inductive 


5 amp. 125/250 v.a-c 
USM5 {5 amp. 30 v.d-c, resistive 


3 amp. 30 v.d-c, inductive 





Ask for Catalog 159A. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 





CIRCLE NO. 89 ON INQUIRY CARD 








Miniature Switches 






Operating characteristics are given 
complete line of switches including mip 
ture, sub-miniature, open blade, gen 
purpose, metal clad and machine too] 

Several types of relays also are desgeriy 
in the 4-page brochure. Acro Div., Robey 
shaw-Fulton Controls Co., Columbus, 0 

















High Vacuum Pumps 


Three 14-page instruction booklets eg, 
the installation, operation and mainteng,, 
of high vacuum pumps. One booklet coy 
two-stage, series-connected mechanis 
pumps that use the internal vane pringjp! 
A rotary type, oil-sealed unit which o 
ates on the principle of the eccentric py 
with external moving vane, is descr 
in another booklet. The 3rd manual & 
tains instructions for a  combinat 
vacuum and pressure unit with a 
vacuum of 15 microns and providing p 


“eS . é sures to 10 psi. Each booklet conta; 
THIN-SECTION ta: detailed specifications, diagrammatiy 


drawings and descriptions of  acceggp 
INSTRUMENT equipment. Central Scientific Company 
BALL BEARINGS 


























Chicago, Illinois. 


PRECISION AND ULTRA-PRECISION GRADES 
Size 8 Servomotors 


TYPE TWF WITH INTEGRAL SHIELDS | ccmpiese cccsicss ans mecnenay, 


fications, outline drawings, schematics 
torque-speed curves are presented 


A thin-section radial ball bearing with integral servomotors, servomotor-rate gene 
shields on both sides. Deep groove ball races with a and oe ae 
continuous shoulders, uninterrupted by filling slots. Se volt’ ane cycle ‘Yeeuionn’ Balen 


Maximum radial and thrust capacity possible in a of Beckman Instruments, Inc., Fullé 
radial ball bearing of its dimensions. The close- Caeeemes. 1 
clearance annulus between shields and inner ring 
fills with lubricant and functions as an effective 


seal without the objectionable torque found with inertial Guidance Testing 


contact seals. This design in a precision instrument Brochure includes descriptions and 
bearing is possible only with the Split Ballbearing fications of rate Tanenens _ t 
i H fyros, antennas, se ers, acceleron 
method of construction. Also made in type TWA and guidance assemblies. Sterling P | 
with alternate balls slightly undersize, for lower Corp., Port Washington, L. I., N. ¥, 


torque applications. 


Balls and rings are 52100 high chrome alloy Digital Test Equipment 
bearing steel. Also available in 440 C stainless. 





Logical interconnections between units 






































a GGA GEE MAE MRR cana! Ea eeE CCAP , made. with patch cords using min as 
WW; We Balls (wt i. 8s 1 amas —— a Py a ot ‘ty 
z : signals are available on the graphic f 
ie A nly no. | size | bbs. = 1 panels of the units. Standard power @ % 
si , nections are made through the pl 
TWF 10-17 6250 1.0625 .250 | .281 | 24 | 7/64 | .042 276 500 back panels. As a result, the units cal 
TWF 12-19 7500 | 1.1875 | .250 | .281 | 24 | 1/8 |.047]} 354 650 eee aed naa eden a 
TWF 14-21 8750 1.3125 .250 | .281 27 1/8 052 375 730 characteristics, Digital Equipment Ct 
TWE 17-24 1.0625 1.5000 .250 .281 32 1/8 .06 435 870 Maynard, Mass. 
TWF 21-28 1.3125 1.7500 .250 | .281 38 1/8 07 440 1030 
TWF 25-32 1.5625 2.0000 .250 .281 44 1/8 .08 470 1200 
TWF 29-36 18125 | 2.2500 | .250 | .281 | 50 | 1/8 | .09 490 1360 Dielectric Materials 
TWF 33-42 2.0625 2.6250 .250 | .281 58 1/8 | .14 520 1580 
TWF 37-46 2.3125 2.8750 250 | .281 64 | 1/8 | .16 545 1740 Comtansed Mating ot a, Comnniany line 
TWF 41-52 2.5625 3.2500 ste | 319 48 3/16 | .24 1010 2900 dielectric §=©materiais, nciuding Cas 
sins, f » absorbers, hesives, 1 
Tw 45-56 | 28125 | 3.5000 | 312 | 375 | 52 | 3/16|.28 | 1040 | 3150 pregnants, coatings, ceramics and ¥ 
TWF 49-62 3.0625 3.8750 sie + 375 58 3/16 | .32 1100 3500 tors. Many uses of these products 
pictured. A chart gives data on vari 
Dimensions are in inches. Radius “r” will clear .015” shaft or housing fillet. *Tolerances vary standard resins. Emerson & Cuming I 
according to size — see catalog 59 for Precision Grade and Ultra-Precision Grade Tolerances. Canton, Mass. 


tRadial load capacity at 500 rpm and 2500 hours average life. §Static non-brinell load capacity. 


Miniature Pulse Transformers 


send for new 
catalog 59 


Split’s catalog 59 provides 
complete coverage on the 
complete T series of thin-section 
precision instrument ball bearings. 
No designer should be without it. 


WRITE FOR YOUR COPY TODAY. 


Engineering specifications folder con 
& ry operating characteristics and complete @ 
Sp Ze ear rig for hundreds of different relays of ¥ 


Detailed description of miniature 
transformers for blocking oscillator } 4 
coupling, inverting and impedance matciigg 
is outlined in a bulletin. Pulse width,? 
time, pulse induction, dc resistance, a 
pedance ratio and four types of package 
are explained. The transformers are (ay 
to Mil T27A and are offered in sé 
different winding configurations. Vi 
Instruments Inc., Gardena, Cal. 





Relays 1 


types—sensitive, antenna, medium Pp? L 
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